
8070 8080 809/) 8100 

GGGACGCAGG GGGTGGGAAG CCCTCAAATA TTGGTGGAAT 



8120 8130 
ATTGGAGTCA GGAACTAAAG 



8170 8180 
2CATAGCAG TAGCTGAGGG GA 



8220 8230 
AGCTTGTAGA GCTATTCGCC 



8270 828 
AAAGGATTTT GCTATAAG. 




140 8150 
GCTG TTAGCTTGCT 

8190\ 8200 
gaswsggT GTTATAGAAG 



82^0 8250 
^TAC£TAG AAGAATAAGA 



8110 
CTCCTACAGT 

8160 
CAATGCCACA 

8210 
TAGTACAAGG 

8260 
CAGGGCTTGG 



REMARKS 

Applicants respectfully request reconsideration and 
reexamination of this application. 

The specification has been amended to correct contradictory 
information given regarding the file history of this 
application, as requested by the Examiner. 

Additionally, claim 12 has been cancelled, without 
prejudice, in response to the Examiner's Restriction 
Requirement. Claim 12 has been cancelled for the sole purpose 
of advancing the prosecution of this application, and applicants 
reserve the right to prosecute the subject matter of claim 12 in 
a related application. 

Finally, claim 11 has been amended to recite a "nucleic 
acid" encoded by a recited list of nucleotide sequences, as 
requested by the Examiner. As the foregoing amendments do not 
introduce new matter, it is respectfully requested that they be 
entered by the Examiner. 
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Applicants acknowledge the election of Group I, claim 11, 
drawn to nucleic acid having various HIV-1 sequences, with 
traverse. It is courteously submitted that a search of the 
subject matter of Groups 1 and 2 would not be burdensome. 
Accordingly, the withdrawal of the Restriction Requirement is 
respectfully requested. 

Claim 11 was rejected under 35 U.S.C. S 101 because the 
claimed invention allegedly lacks patentable utility and as 
disclosed is allegedly inoperative. Applicants respectfully 
traverse this ground for rejection. 

The Examiner stated that although the specification sets 
forth the nucleic acids of HIV-1 claimed by applicants, the 
specification "does not demonstrate a utility for these 
nucleotide sequences." See page 4, lines 2-4 of Paper No. 7. 
Applicants respectfully disagree. 

Applicants' claimed nucleic acids can be used as diagnostic 
tools to detect the presence or absence of an HIV-1 infection in 
a biological sample. See page 14, line 11 through page 15, 
line 8 of the specification. 

The Examiner's statements regarding utility first addressed 
the effectiveness of the claimed nucleic acids in diagnostic 

methods to detect HIV-1: 

[alpplicant has not demonstrated a 
utility for these sequences as probes. 
How specific are they for detecting HIV 
and distinguishing it from other 
retroviruses, in particular HTLV I and 
II? 
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See page 4 of the Paper No. 7. 

HIV-1 is a unique retrovirus. With the use of cloned 
probes, no hybridization is detected between HIV-1 and HTLV-I or 
_H. see Alizon et al., "Molecular Cloning of Lymphadenopathy- 
Associated Virus/' Nature , 312:757-760 at page 760 (1984) 
(Exhibit 1); and Wain-Hobson et al., "Nucleotide Sequence of the 
AIDS Virus, LAV," Cell , 40: 9-17 at pages 14-15 (1985) (Exhibit 
2). HIV-1 is both morphologically and biochemically distinct 
from HTLV-I and -II. See Barre-Sinoussi et al., "Isolation of a 
T-Lymphotropic Retrovirus From a Patient at Risk for Acquired 
Immune Deficiency Syndrome (AIDS)," Science , 220:868-871 at page 
868 (1983) (Exhibit 3). Accordingly, one of skill in the art 
would not expect applicants' claimed nucleic acids corresponding 
to ORFs of HIV-1 to detect HTLV-I or HTLV-II in a biological 
sample . 

Secondly, the Examiner stated that the claimed invention 
lacks utility as applicants have only identified open reading 
frames, or "ORFs," of HIV-1, and have not disclosed any function 
of the claimed nucleotide sequences. See page 4 of Paper No. 7. 
Applicants respectfully disagree. 

As noted above, applicants have identified several nucleic 
acids which correspond to open reading frames ("ORFs") of HIV-1. 
If the genetic code is read in nonoverlapping triplets, there 
are three possible ways of translating a nucleotide sequence 
into protein, depending on the starting point. These are called 
"reading frames." All of the claimed nucleic acids 
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corresponding to ORFs of HIV-1 may not translate into proteins 
of HIV-1, However , this does not mean that they are not useful. 
For example, applicants teach that the disclosed nucleic acids 
are useful in hybridization assays to detect the presence of 
HIV-1 in a biological sample or blood-related product. See page 
14 , line 11 through page 15, line 8 of the specification. In a 
hybridization assay, labelled nucleic acids according to the 
present invention are used to detect RNA or proviral DNA of 
HIV-1 in, for example, a biological sample. See e.g. , Hames et 
al., eds., Nucleic Acid Hybridization: A Practical Approach , 
30-38 and 185-187 ( IRL Press, Washington, DC, 1985) (Exhibit 4). 
Thus, the claimed nucleic acids have utility as probes in a 
diagnostic assay to detect the presence of HIV-1 nucleic acid. 

Finally, applicants note that all that is required to 
demonstrate enablement for the claimed nucleic acids is some 
utility. See E.I, du Pont de Nemours & Co. v. Berkley & Co. , 
205 U.S.P.Q. 1, at page 10, footnote 17 (8th Cir. 1980) ("A 
small degree of utility is sufficient. The claimed invention 
must only be capable of performing some beneficial function . . 
. An invention does not lack utility merely because the 
particular embodiment disclosed in the patent lacks perfection 
or performs crudely . . . Nor is it essential that the invention 
accomplish all its intended functions . . . partial success 
being sufficient to demonstrate patentable utility . . . " ) 
(Citations ommitted; emphasis in original) (Exhibit 5). See 
also Envirotech Corp. v. Al George, Inc. , 221 U.S.P.Q. 473, 480 
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(Fed. Cir. 1984) ( n the defense of non-utility cannot be 
sustained without proof of total incapacity.") (Exhibit 6). 

In the present case, applicants have identified nucleic 
acids encoding ORFs of HIV-1 which are useful to detect the 
presence of an HIV-1 nucleic acid. For example , the probes are 
useful for detecting an HIV-1 infection in a biological sample. 
This usefulness satisfies the " some " utility standard set forth 
by the court in E.I, du Pont de Nemours . Accordingly, 
applicants respectfully request the withdrawal of this ground 
for rejection. 

Claim 11 was rejected under 35 U.S. C. § 112, second 
paragraph, as being indefinite for failing to particularly point 
out and distinctly claim the subject matter which applicants 
regard as the invention. Applicants respectfully traverse this 
ground for rejection. 

The Examiner stated that claim 11 should be directed to 
"nucleic acids," rather than "nucleotide sequences." As 
applicants have made the requested amendment to claim 11, this 
ground for rejection is moot. 

Applicants respectfully request reconsideration and 
reexamination of this application at the Examiner's convenience. 

The Commissioner is hereby authorized to charge any fees 
associated with this Amendment to our Deposit Account 
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„o. 06-0916. If a fee is required for an Extension of Time 

under 37 C.F.R. S 1.136 not accounted for above, such extension 

is requested and should also be charged to our Deposit Account. 

Respectfully submitted, 

FINNEGAN, HENDERSON, FARABOW, 
GARRETT & DUNNER 



By 



Michele M. SchaierM 
Reg. No. 34,717 



Dated : 
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« l SnLn,fn'!! a J. r ANF(S ,3) °" »i*»«eron« .ecmion. IU« 
|lotnen,lo„ cell, were prep«red by enzymatic dilation of 20 n 

SSS-f'""""? • «*■»»• of coiUgeiwe .nd ONue 
h « ? • Mml ' for 30miB D««P«fied all. were filtered 
through gauze .nd centrifuged « i«r.f?a. for I) min Th i mUm 

T^eeH ~H« 08,11 e " rtf, * d « •» 'P" for 1 5 min. 

J«f ? . " ** «*««P«"<1«I in Ml 99-0.1% BSA buffer 
«d d.stnbuted ,n 9«M aliquou to 12x75 plode iub« TTm 
"»pl« were pre.ncub.ted for 90 mi. in . 37 «C wwrbnuTundCT 
of 5% C<V95% 0 2 . Aliquot, of the ,e« »mo£ 

and eoruco.uron« were m«« U red by r.dioi»«uncW^« 
^f™" "»«• Endocrine Sdenea. Oini^S 

° f ™" P ' C J ,CT : S""""^ ««ly»i. *u perform* by aaalyu. 
(AN^i*??! 1 *™ (/><0.0I) fro. eonwT 

ofM^Sh«p4ndDohm«R«evcnUbor«ori« 
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ineubLtW^'^.r TT P«*P^ « dacribed in Fig. I tod 
•"•ynth«« human ACTH either «|om (open dreE) 

aSifLI^ !l! CTeby ,wl,c « u "f «"* •bility of ANF to decreaae 
dd„i«on, produeuon .o but level.. Rculu .„ the 

Wtt *" d *" poiau «i«"ine«,t .hen compued 
e0n,,,, ' <1 <0< »'> Synthetic hACTH(M9) 
•nd ang.ot.n».n II were .ywhetiied by Or Nichoia* Lin. by 
>olid-phu« methodology. 



(8-J3) a* • natriuretic hormone, .nd now in inhiKv w . 
•nd ...muU.ed ..do«erone formation. su„e ,, , „ . Tt I"" 
cal activities .re an integral nan of .h, V„ " U blolo »'- 

regulating sodium ret«n,"n Further^ meeh -"""' 
it. inhibitory effect i. n« r«.n^T? ' ™ UU ,om «'°»"ti". 
aldosterone secretion bu • n « ,0,eMi "-«»nul.«ed 
and stimulated mineriloconS, ^0^'°^' b °' h 
ANRS-33) observed *VZ^J£™ r '& H Z» ,m - w " 
reported here prov.de the groundwork o d/fin ° bservi, ' ons 
i«m. by which .trial-derived SSJlnt Z 

•he b Mic rnechanism. nvtoSiS'^S? 1 

DeLe««^ Mi0n 0 L' c hi$ m *" u *^P'. Chartier e, ai » . nd 
,h.^ n T^^'P «rnil.r to those reported he« 

prep.rat.on of the manuscript. Thi, rJ^TfJ^jZ Z 
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Molecular cloning of 
lymphadenopathy-associated virus 

Marc Ali>M<|, ««« Soalfot, 

Fn*fh* B.rr^iaxH«ai«, Jea.-a.ude ChenB.aa*. 

Pl«m Tloll.lrf, Lc« Moiugiier* 

* Siaoa WaiB-Hoomtl 

iuHLI "L 0 ^^ ^ " ^^P* ««• *~<>«rch« CNR5 147. „d 
CN« £ ^7Trt n ^rp.^^ P T , ° 0 Ge,, * ,i, "" WSBRMU .63. 

. L f ?!^!!T^_^r u ^ (lav) - » ^ 

,re " • boia m aal paticat wit. lyaakadeaoaalkv 

S^IJ^ (AI0S ) 1 - LAV 

Aiua .ad ail available data ara coaateeat witk the rim JL. 
lyapaoeylea aad aaa a treateai far the T-e.ll nbact OKT4 („f. 



I To vhoa a 
t Oa) !«•** frq _ _ 
*2I40 cuaguv Fn 



CRSSA. ]nMdnUL tMauir. 



.?u «J*opatalc .ITtct. TW .»or cor. pnx.i. 

t l ^ fe'^ " 7 T^** r*ro*ral •■(!• 

rT.^', . nontly km lad*g««dcMly 

^ !11 tt? "** A,0S PLAIDS. TWlU 
m£» ^\Tr!? U^r-^- Wn» III (HTLV- 

clurMMriM LAVkytn* -ol«,l«, cJo.(.( of It. ,«,«,. A cloo* 
LAV co.rltM.uiy DNA 'undlo ten*. . library of tma- 
bfaaet phages coaatfactcd from th« (ttoaic ON A of LAV-iafccled 
T lyaphpcytea. Two Uaillo of doo« -.ft ckar.ct.rUW which 
<l»«r to ■ remfctioa aita. The Hral imoom It lo^«r tfc*. 
•tker haaua retrortral graoaM (». 1-9.2 Ulobasa). 

The cDNA firw-«rand of LAV wu synthesized in an 
endogenous, detergem-sctivated reaction. LAV virions were 
purified from the supernatant of FJU celli, « B-lymphoblastoid 
LAV.produttt| line", and the reaction was primed with 
oligo(dT). Three eONA dene*, pLAVI3. 75 and 82. carrying 
■nseru of 2 *. 0.6 and 0.8 kilobases (kb). respectively, were 
characteruedffttfther (Fig. I). All three inserts have a common 
reimamn pattern at one end. indicative of a common priming 
site. The 50-bai* pair (bp) common Hi«dIII-A/l fragment was 
sequenced and shown to contain an oligo(dA) stretch preceding 
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**OCTTOCCTfOAOTOCTT 

' Of. I *«ttnaK>fl maps of cDNA doo« derived from LAV 

S, Seel; X, Xhol. 
a T*^ ^* cDN * WM ^haaixed to id endofeaous detargent- 

on I XlZ ° n ' FOf rWtMn < L>V werTpurified 
on 1 20-60% sucrose gradient a* described previously from 200 ml 
of supernatant of the l^V-produdng FRI line' 3 . VlruKoouinin. 

cypeSW56 rotor, 50,000 r.p.m., 60 oio). The viral pellet wu rem. 
P«nded in 250 pj of NTE. Reaction voJusae wu adjusted to I oil 

i^TSj tZVUfy J?Z H ******* 0.02% Triton X-I00, 
Ol mM of aacfc of dATP. dGTP, TTP, 4*M dCTF Mtstftai 
200 *4Q of [•-»F)dCT? <40>amn*cr\ A**«iam>«2 
50« ml" ' oligcXdTl primer, lac.batioa wu u JT^aSTi 3 aS 
dCTT was added to 25»d4. At 45aw«, tba reaoi^ waTatoiSld 
with EDTA a^ SOS (inal ««^»SeI^M^^^ 
^vely)^ | h of protein K. digutiosi (lOoigaU*! 

fooe^r " ^ ^ ^1^^ tr^ 
T^lT^fL. ^ f^J^T 1 • ccordin « "> Gubkr aad Hoteaa M . 
iT^e^ ^a^T^ C0 "* « ^-tailed 

or^Tt P ^r ^T** 4 * ^CoOOracBCwutraiia. 
rormed by the CaO, method; S00 recombinant donea were 

ZZTJZ n j£ LAV cDNA in whS^e^ 

^J^fjT wUl0tted - ****** tbove. esospt that an 
alkaline hydrolysis step wu icduded. Approiimateiy 10% of 

PLAV75 and ptAVI2, carryiRf inseru of 2.3. 0.6 and 0.1 kb 
cT furlhcr ^ m ai .ites for £»R| 

HmdHI- A,| frarnent wu lubdoned into MI3mpl and sequen- 
ced .ccord.n, ^ ^- J^na . 15-mer primer (S, 
•nd f«."PJdCTP (Amenham). 



Hf.2 Rapid dot-blot technique for LAV detection in cell culture 
ZT^^^n Ttp r cnt A, a, I mJ; 6, 2 »*J; c 4 * of coocen. 
^ IS? ^ Culture »»P«™ t *'" from (I) LAV.produdnc 
CEM cells (reverse traftscriptase activity (RT), determined as 
described previously 1 . « u 140,000 cp.ov ml"); (2) LAV- 
f^? 0 * Epst^n-Baff^raiisformed ft-oeil line FRl (RT 
175.000 c.p.m. ml-). a\ a, I ,U; 6, 2 »d; e. 5 »dof 100 x concentrated 
supcrnatam from (I) uninfected normal T lymphocytes (no RT 
i2 K M*"*"** n«««l T lymphocytes (RT 
70.000cp.m); (3) LAV-produdng CEM line (RT 
150,000 cpja.); and (4) culture of bone marrow lymphocytes from 
* h yy phiiUc P"** 4 with AIDS (RT 7.000 cp.u.). 
MaoMK CeU culture supernatant! were pelleted throush 0.5 ml 
20%»ucrose cushions in NTE buffer (Beckman type SW56 rotor 
50,000 r.p.m. t I h, 4 «C). The pellet wu resuspended in NTE buffer* 

filten (Zeubind) presoaked in 20xSSC (3 M NsCI. 0.3 M sodium 
curate). AAer bakiag (at least 30 m.n at 80 •C). filters were hybrid- 
ized with "P nick-translated pLAVI3 insert (Fig. I) (specific 
activity >IO i c p.m. per for I2-I6h in strintent conditions 
(50% formamide. 5xSSC. 42 X). washed (0.1 xSSC. 0.1% SDS 
65-C, 2x30min). and exposed for 20 h (Kodak XAR5 film with 
an intensifying screen) at -70 "C. 



the doning dC tail. The done* art thus copies of the 3' end of 
* poly(A) RNA. 

The spedfidty of pLAV13 wu determined in a series of filter 
hyhndization cxperimenu using nick-translated p LA VI 3 insert 
« a probe. First, using an adapted spot-blot technique, we could 
detect LAV virion RNA from normal T cells, FR8 and other 
B-cell lines and CEM cells (LM. and R. Weiu, unpublished 
results; Rs> 2). LAV was also detected in a bone marrow cell 
culture (Fig. 2B, line 4) from a haemophiliac with AIDS 4 , in 
spite of the low tttrc of virus in the supernatant. Uninfected 
cultures proved negative (Fig. 2* line I). Second, the probe 
detected DNA in the Southern blots of LAV-infected T lym- 
phocytes and CEM cells (Fig. 3). No hybridization wu detected 
in DNA from uninfected lymphocytes or from normal liver (data 
not shown) in the same hybridization conditions. A characteris- 
tic I 45.kb Hlndlll fragment which co-migrated with an internal 
viral fragment in Hutdlll-cleaved pLAVI3 (Fig. I) wu detected 
m the Southern blots. Bands at 2 J and 6.7 kb were also detected 
Together, these data show that p LA VI 3 DNA is exogenous to 
the human genome and detects both RNA and integrated DNA 
forms derived from LAV-infected cells. Thus. pLAVI3 is LAV 
specific. Being oligo(dT)-primed. pLAV13 must contain the R 
and U3 regions of the long terminal repeat (LTR) as well as 
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fag. 3 Southern Mot of H«dlll-restricted traomtc DNA from 
LAV-iafeoed tad uaiafected cells hybridized with pLAVU. 
HmdlH-fvetricted high relative molecular outs DNA from: lane 
I. uaiafected CEM ceils; Um 2, LAV-iafeacd CEM cells; Iim 3. 
uninfected T cells after 5 days' culture ; laae 4, LAV.infeaed T 
ccilt 2 days after infection; laae 3, LAV-infected T cells 5 daw 
after iafeoioa. 
Metaad*r>mp|piralbtoo^^ 

s t i m ul at e d for 3 days with pbytonaeniaggiutinia, after which they 
were ta/eoed with LAV (isolate BRU-LAVT) at iCtp^m. reverse 
uiaschptasc activity per 10* cells as described previously 1 , except 
for pan of the caiture kept aaiafacted for control*. Two sad ire 
days after tafeonoe, gea oe aic DNA was iiln.se.l Maidl!!* 
digested DNA (10 »g) was slsrrrnphoused through • 0J% agarose 
jeT sad Southern Motied. 1W finer was eybridited sa 10 sal of 
50% forauaude. JxSSC. IxCkahardtX 10% dextraa salphate 
with lOOagmr 1 denatured soeieatad salmon sperai DNA aad 
2x|0 coa of aks-traaalated pLAVI3 insert (4x 
l(T cpjn. per |tg) for 10 b st 42 *C. The filter was washed at 61 
in0.lxSSC t OJ%SDSfor2x30Biiaa«deipc^toKc^aiXAW 
filn at -70 *C for 16 h using an iatensifying screen. 

the 3' end of the coding region, assuming a conventional retro* 
viral genome structure. 

Having found a HMUl ska toot* 20 bp 5' of die pofWA) 
stretch aad thus within the R region of the LTR, we doood the 
LAV genome by making a partial JJMIII cHgaat of genomic 
DNA from LAV-oafecatd T otOg of a healthy donor. A 9 ± 1.5-kb 
DNA^ntaining fraction wag rjrecipitated and ligatcd into the 
Hmdlll anas of phage vector AL47.1 (ref. 14). When nick- 
translated p LAV 13 assert was ttaed at a probe to screen -2 x If/ 
phage plaques at eft* five independent donee were ofeaioed. 
A restriction map of done A J19 and of a Hindi II variant, AJII, 
are ehown in Rg. 4. Reoombtnanti AJ27, AJ3I and AJ57 have 
the tame MidM map as A J 19, while a Jtl is to far unique. As 
the two dooea were derived from the ftrat isolate 1 of LAV 
reported (isolate BRU, or LAV1), we refer to the two viral 
Ef^?.? " lAVIa (AJ,9 > LAVIb(AJIl). A J 19 shows four 
Hindlil bands of 6.7, |.45. 0.6 and 0J2 kb, the first two of which 
correspond to bands in the genomic blot of /Ytodlll-restricted 
DNA (Ftg. 3. lane 5). The smallest bands (0.6 and 0.52 kb) were 
"i? 1 !?*! 0 W * eoon,ic Woc » but »e f«ct that they appear in 
all the independently derived dones analysed indicates that they 
represent internal and not junction fragments, iffuming random 
integration of LAV provtraJ DNA. However, the 0.32-kb band 

aSTIS??** pL * VI3 DNA (R »- 4 > ^gh the small Him. 
dlll-A/I fragment of pLAVI3. Thus, the 0.5-kb Hind III frag, 
mem of A J 19 contains the R/U5 junction within the LTR. The 
finding of two small rVmdll! fragment* to the 5' region reinforces 
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Fig. 4 Restriction maps of LAV proviral DNA in clones A J 19 
(LAVIa) and A ill (LAV lb). a» Hindlll restriction maps of LAV 
proviral DNA to dones AJI9 and A Jtl. Those Hindi!! fragments 
detected by p LA VI 3 are marked by +. chose not. by - The 
restriction map of the pLAVU cDNA done is also ihown b 
Restriction map of AJI9. Restriction sices: B. flamHI; Be, Mil' 
H. Hutdfll; K, JCael: ». Ail; R, CeoRI; S. Sec I; Sa, Sail x' 
XAol. Beneath the scale is a schema for the general structure of 
retroviruses showing the LTR elements U3. R and 115. Only che 
R/U5 boundary has been defined (fig. I) and other boundaries 
are drawn only figuratively. 

M erases. DNA from LAV.tnfected T cells was partially digested 
with /Vtndlll and fractionated oo a 5-40% sucrose gradient in 
10 mM Tris-HCI *Hl. 10 mM EDTA, I M Nad (Bccfcmaa type 
SW4I rotor. 16 h. 40.000 r.p.m ). A single fraction (9 ± 1.5 kb) was 
precipitated with 20 »g ml' 1 dcxtran T40 as carrier and taken up 
in TE buffer (lOaM Tris^HO aHI. I mM EDTA). AU7.I (ref. 
14) Hutdlll arms were prepared by 6rst ligatiag the cos thes 
followed by H«dIII digestion and fracuooatioo through a 5-40% 
sucrose gradient as above. Fractions oomaiaing ooly the A HmdUl 
arms were pooled, precipitated and taken up ia JEJbuffer. Utation 
of arms to DNA was made at ~200ttgml" DNA using a 3: 1 
—7 eicess of arms and 300 U of T4 DNA ligasc (Biolabs). in 
uttes were saadc aooording to ref. 29. AAer in 
_ _> the phage tysate was plated out on NM53I or a 
C600 recBC strain. Approximately 2 x 10* plaques were screened 
by at ate hybridisation* using nitrocellulose filters. Hybridisation 
was performed at 61 *C in I x Denhardt's solution, 0.5% SDS, 
2 x$SC, 2 mM EDTA. Ftohe: "P nick -translated insert of pLA VI 3 
at XtTcpA. per ug. filters were washed for 2x30 min in 0.1 x 
SSC 10.1% SDS at 61 *C f and exposed to Kodak XAR-5 film for 
24-40 h with intensifying screens at -70 "C. Seven positive dones 
were identified and plaque-purified on a C600 recBC strain. Liquid 
cultures were grown and the recombinant phages banded in CtCl. 
Phage DNA was extracted and digested in che appropriate condi- 
tions, The reatricuon maps were orientated by hybridizing blots to 
pLAV13 DNA, which maps the 3' coding sequences of the viral 
genosae as well as the U3-R region of the LTR All ckmrag and 
aaspUficaooo of LAV geaoouc dooea was carried out ia a P3 
laboratory. 

the usefulness of cloning LAV by partial restriction of genomic 
DNA. 

A J8 1 seems to be a restriction site polymorph of A J 19, showing 
tva Midlll bands of 4 J, 13, 1.45, 0.6 and 0.52 kb (Fig. 4). 
The 2J-kb band is readily deteaed in the genomic blot by s 
pLAVU rxobe, although the 4 J^b fragment is not. The finding 
that nefc-tranakted AJI9 DNA hybridises to all five Hind II I 
bands of A J8 1 in stringent hybridization and washing conditions 
indicates that AJII is a //indlll variant and not a recombinant 
vims. Also, other mapped restriction lites in JUS I are identical 
to those of AJI9 (not shown). Thus, the Hwdlll restriction 
pattern in the Southern blot can be explained by variation within 
the single isolate of LAV used to infect the T cells. 

HTLV.| ,S w»d HTLV-II 14 constitute a pair of C-type trans- 
forming retroviruses with a tropiso for the T-cell subset. OKT4 
Both genomes (comprising one LTR) are -8 J kb long" 11 , have 
an X region and show extensive sequence homology. They 
hybridize between themselves in reasonably stringent conditions 
(40% formamide, 5 xSSC) and the X regions hybridize even sc 
60% formamide 1 *. Thus, a conserved X region is s hallmark of 
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this class of vims. We have compared cloned LAV ON A and 
cloned HTLV-II DNA (pMO) w by blothybridization and find 
no cross-hybridization in low stringency conditions of hybridiz- 
ation and washing ( T m • 33 *C) f even after 2 days' eiposure at 
-70 *C using intensifying screens (data not shown) 

The human T-lymphotropic retroviruses HTLV-III* and 
ARV'\ recently isolated from patients with AIDS or pre- AIDS, 
have similar morphological, biochemical and immunological 
properties to LAV, which suggests that they probably represent 
different isolates of the LAV prototype. DNA hybridization 
between HTLV-IU and HTLV-I and -II has been reported, most 
noticeably at the gag-poi junction and less so in the characteris- 
tic X region of HTLV-l and .11". As mentioned above, we could 
detect no such hybridization and conclude that the reported 
homology must have been due to either ( I ) the use of an 
uncioned cDNA as hybridization probe, (2) the fact that the 
isolates in question differ substantially from those we have 
cloned, or (3) the possibility that HTLV-III and a HTLV-I/II- 
like virus were co-infecting the cells. The last possibility may 
also apply to the preliminary report of cross- hybridization 
between a LAV-like virus and a cloned HTLV-II DNA probe 7 . 
Thus, we find no molecular evidence of a relationship between 
LAV and HTLV. Furthermore, the LAV genome is -9 kb long, 
compared with 8.3 kb for the HTLV viruses 17 ". Despite their 
comparable genome sizes, LAV does not cross- hybridize with 
Visna virus" (-9 kb) (data not shown) or with severaJ human 
endogenous viral genomes (ref. 23 and M. Martin, personnal 
communication) in non-stringent conditions ( T m » 55 ^C). These 
data and morphological and immunological dissimilarities 1,2 
between LAV and the HTLV-I/-II pair all point to LAV being 
a novel class of human retrovirus. 

In conclusion, we have molecularly cloned the complete 
genome of LAV from freshly infected activated T cells of a 
healthy donor. It has been shown that the tropism of certain 
retroviruses resides in the LTR 24 " and that sequence differences 
and insertions/deletions are present in the LTRs of 
leukacmogenic and non-leukacmogenic retroviruses. It is thus 
possible that LAV and LAV-iike viruses passaged through B- 
and T-transformed cell iine» ,ja -" might have undergone some 
attenuation. Although the cONA clones were made from a 
LAV-producing B-cell line, the genomic clones were isolated 
from LAV-infected normal T cells. Thus, the clones represent 
LAV genomes that have not been selected or adapted to a 
particular cell line. However, the LAV genome is shown to be 
polymorphic even within a single isolate and independent iso- 
lates will probably differ widely. 

The availability of cloned LAV DNA should facilitate the 
understanding of the molecular mechanism of viral replication, 
and the tropism of the virus. Taw DNA sequence of LAV opens 
up the possibility of expreatbag the viral gag and *m> gene 
products and of studying the molecular basis of LAV antigen- 
icity. 

We thank Drs D. Dormoat and J. Weissenbach for their 
interest in this work, Dcnise Guetard, Sophie Chamaret and 
Jacqueline Gruest for ceils, Dr R. C Gallo for the HTLV-II 
probe (pMO). Dr M. Brahic for a cloned Visna probe (A 109) 
and Ana Cova for, typing the manuscript This work was suppor- 
ted by grants from the CNRS, the Association pour le Recherche 
contre le Cancer, the Fondatioo pour la Recherche Mcdicaie 
and Instttut Pasteur. 
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i la aviaa aad saasa- 

(AIDS) leads to eallapaa *f rbt tsaaaaac ayateaa aad death ^T* 
wide variety af c^aMta«sstk tafectloae; aaaaaal forsaa af < 
are aaaocUted with thai ■yadroaas, Retrof li ases have 
raeovercd frees tiaaaea ef AIDS patleats aad froa eatieata with 
related caedltleea. Theat stsailar aewty-taoUtcd viruses are lysa- 
phadeeopstby^jaociated rims (LAV) 1 , ausaaa T«ccll lya^ 
•hotrofic virma (HTLV.UI) 1 -> aad AIDS-aaaociated retroviras 
(ARV-2) 4 . We have Ueatificd a RNA geaofae of -9 kilobaaes 
(kb) la virions aariied froaa the culture saediaai of a kaaua T-ceil 
tuaaoar Hae lafacted with ARV-2. A cDNA proae ssadc froaa viral 
RNA effected drcalar DNA saeaecalea aad aeoviral forsaa la 
lafacted cells. Weataaarad a library of lafacted cell DNA. Rcceca- 
Maaat eeage iaclaaed tneat with a • -5-«b ataviral DNA aad viral 
DNA aarawted with raaaact to tnestafle CoaRI eftt, Ceaaaariaoo 
•T three ARV laaUtea frees eifereet AIDS aatieata revealed 
pa^yaMraalsaa af rcatrictiea cadeaacJeaaa aitea* 

HUT-7S cells, oriftnating from a human T-cell lymphoid 
tumour 5 , were used to propagate the ARV-2 strain of virus 4 . To 
characterize the viral genome, RNA was extracted from puri6ed 
virions and elcctrophoresed on agarose geis containing methyl 
mercury hydroxide 4 . A distinct ~9*kb RNA species was 
observed (Fig. I) with smaller heterogeneous RNA and some 
ribosomal RNA species. The 9-kb RNA t pedes was used aa a 
template with random primers in a reverse transcriptase reaction 
to produce a virus-specific cDN A probe 7 . RNA of virus obtained 
from cells infected with ARV-2 or with two additional isolates, 
ARV-3 and ARV-4, showed distinct bands at 9 kb that hybridized 
with the cDNA probe (Fig. 1). 

With this cDNA probe, we examined the structure of viral 
DNA in infected cells by digestion with restriction enzymes, 
electrophoresis in agarose gels and Southern blotting. No 
specific bands were detected in several digests of DNA from 
uninfected cells (Fig. 2a, lanes C, £), whereas bands were seen 
in infected cells (Fig. 2a, lane A). Undigested DNA from infec- 
ted cells contained a species at 5.3 kb, a faint species at 6 kb 
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Summary 

The complete 9193-nucleotide sequence of the prob- 
able causative agent of AIDS, lymphadenopathy-asso- 
ciated virus (LAV), has been determined. The deduced 
genetic structure is unique: it shows, in addition to the 
retroviral gag, pol, and env genes, two novel open 
reading frames we call Q and F. Remarkably, Q is lo- 
cated between pol and env and F is half-encoded by 
the U3 element of the LTR. These data place LAV apart 
from the previously characterized family of human 
T cell leukemia/lymphoma viruses. 

Introduction 

The recent onset of severe opportunistic infections among 
previously healthy male homosexuals has led to the char- 
acterization of the acquired immune deficiency syndrome 
(AIDS) (Gottlieb et al., 1981; Masur et al., 1981). The dis- 
ease has spread dramatically, and new high-risk groups 
have been identified: patients receiving blood products, 
intravenous drug addicts, and individuals originating from 
Haiti and Central Africa (Piot et al., 1984). AIDS is a fatal 
disease, and there is at present no specific treatment. The 
causative agent was suspected to be of viral origin since 
the epidemiological pattern of AIDS was consistent with 
a transmissible disease, and cases had been reported af- 
ter treatment involving ultrafiltered anti-hemophilia prepa- 
rations (Daly and Scott, 1983). A decisive step in AIDS re- 
search was the discovery of a novel human retrovirus 
called lymphadenopathy-associated virus (LAV) (Barre- 
Sinoussi et al., 1983). The properties of the virus consis- 
tent with its etiological role in AIDS are: the recovery of 
many independent isolates from patients with AIDS or 
related diseases (Montagnier et al., 1984); high LAV 
seropositivity among these populations (Brun-Vezinet et 
al., 1984); a tropism and cytopathic effect in vitro for the 
helper/inducer T-lymphocyte subset T4 (Klatzmann et al., 
1984), also found depleted in vivo. 

Other groups have reported the isolation of human 
retroviruses, the human T cell leukemia/lymphoma/lym- 
photropic virus type III (HTLV-III) (Popovic et al., 1984) and 
the AIDS-associated retrovirus (ARV), which display bio- 
logical and sero-epidemiological properties very similar to 
if not identical with those of LAV (Levy et al.. 1984; Popovic 
et al., 1984; Schupbach et al., 1984). Both LAV and HTLV- 



III genomes have been molecularly cloned (Alizon et al., 
1984; Hahn et al., 1984). Their restriction maps show 
remarkable agreement, including a Hind III restriction site 
polymorphism, bearing in mind the variability of this virus 
(Shaw et al., 1984) and confirming that these two viruses 
represent a single viral lineage. 

In addition to its obvious diagnostic and therapeutic 
potential, the LAV DNA nucleotide sequence is essential 
to an understanding of the genetics and molecular biology 
of the virus and its classification among retroviruses. We 
report here the complete 9193-nucleotide sequence of the 
LAV genome established from cloned proviral DNA. 

Results 

DNA Sequence and Organization of the LAV Genome 

We have reported previously the molecular cloning of both 
cDNA and integrated proviral forms of LAV (Alizon et al., 
1984). The recombinant phage clones were isolated from 
a genomic library of LAV-infected human T-lymphocyte 
DNA partially digested by Hind III. The insert of recom- 
binant phage AJ19 was generated by Hind ill cleavage 
within the R element of the long terminal repeat (LTR). 
Thus each extremity of the insert contains one part of the 
LTR. We have eliminated the possibility of clustered Hind 
III sites within R by sequencing part of an LAV cDNA 
clone, pLAV 75 (Alizon et al., 1984), corresponding to this 
region (data not shown). Thus the total sequence informa- 
tion of the LAV genome can be derived from the AJ19 
clone. 

Using the M13 shotgun cloning and dideoxy chain ter- 
mination method (Sanger et al., 1977), we have deter- 
mined the nucleotide sequence of AJ19 insert. The recon- 
structed viral genome with two copies of the R sequence 
is 9193 nucleotides long. The numbering system starts at 
the cap site (see below) of virion RNA (Figure 1). 

The viral (+) strand contains the statutory retroviral 
genes encoding the core structural proteins (gag), reverse 
transcriptase (pol), and envelope protein (env), and two 
extra open reading frames (orf ) that we call Q and F (Table 
1). The genetic organization of LAV, 5'LTR-gag : pol-Q-env- 
F-3'LTR, is unique. Whereas in all replication-competent 
retroviruses pol and env genes overlap, in LAV they are 
separated by orf G (192 amino acids) followed by four 
small (<100 triplets) orf. The orf F (206 amino acids) 
slightly overlaps the 3' end of env and is remarkable i n that 
it is half-encoded by the U3 region of the LTR. 

Such a structure clearly places LAV apart from previ- 
ously sequenced retroviruses (Figure 2). The (-) strand is 
apparently noncoding. The additional Hind III site of the 
LAV clone AJ81 (with respect to AJ19) maps to the appar- 
ently noncoding region between Q and env (positions 
516&-5745). Starting at position 5501 is a sequence 
(AAGCCT) that differs by a single base (underlined) from 
the Hind III recognition sequence. It is anticipated that 
many of the restriction site polymorphisms between differ- 
ent isolates will map to this region. 
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jCTCTCTCTGCTTACACCACATTTGACCCTGCGACCTCTCTGC^ 
GTGACTCTGGTAACTACACATCCCTCAGACCCTTTTAGTCACTCTCGAAA^ 

GAG^ LeuAUCluAUArgArgArgClv^lTgclyAUArRAUSerValUuSer 

GACTCCGCTTGCTGAAGCCCGaCGCOU^^ 

300 ■ • • 

ClyClyCWLeuA.pArgTrpCluly.UeArgUu^ 
C«CG«AG^ 

LeuLeuCWThrSerGWCIyCy.ArgClnlleLe^ 
GCaSnACAAACATCAGAACGCTGTAGACAAATACTGGGACAGCTACA>CCATCCCTTCAGACAGCATCACA^ 

ClaArgneCluIleLy^.pThrLytC^^ 
ATC^GGaTAGACATAA^ 

GlnAaoTyrffroTfeVa^^ 

gccaaaattaccctatagtccagaacatccagcxjc^aaatgctacatcaggccatatca 

800 

ProMetPheStrAl.L^SerCluClyAl.ThrProGlaA.pU^^ 
TACCCATCmTCAGCATTATCAGAACGACCCACCCCACAACATTTAAACACCATGCTAMCACAGTCGCCCCACATCA^GCACCCATGCAAAT^ 

900 

AlaCiuTrpAipArgVamaProValHiaAUGlyProUeAUProClyGlnMetArgGlgPr^^^ 
CT GCACAATCCGATAGACTGCATC CACTGCATGCAGGGC CT ATTCCACCACGCCAGATGAGAGAAC CAAGGCGAAGTGACAT AGCAGGAACT ACTAGT AC C CTTCAC GAACAAAT AGGAT 

1000 

MetThrA.QA.nProProIUProV.lClyGluneTyrLy.ArgTrpllelleLeuGlyUuAinLyilleVilArgMetTyrSerProThrSerlleLtuAiplUArgGlnClyPro 
CCATGaCAAAT AATC CAC CTATC CCAGTAGGAGAAATTTAT AAAAGATCGATAATC CT GGCATTAAATAAAATAGTAAGAATGTATAGC CCTAC CAGCATTCTGGACATAAGACAACGAC 
1100 ......... 1200 

LyaCluProPheArgAapTyrValAapArgPheTyrLyaThrLeuArgAUCluCloAlaSerCl^ 
CAAAACAACCCTTTACUCACTATCTAGACCCCmTATAAAACTCTAA^ 

1300 

CyiLy»ThrIleLeuLyiAULeuGlyProAl*AUThrUuGUCluMetMetThrAUCyiClnGlyV«lGlyClyProClyHiiLy»Al*ArgV«lLeuAUCluAUMetSerCln 
ATTCTAAGACTA TTTT AAAAG CATTGGGAC CAGCAGCT AC ACT AGAAGAAATCATGACAGCATGTCAG GGAGTG GGAC GAC CCG GC CAT AACGCAAGACTTTTC GCTCAACCAATCACC C 

uoo .... 

VaiThrAanS«rAlaThrneMetMetClnArgClyAfaPheArf>M^^ 
AAGTAACAAATTCAGCT AC CATAATCATGCAAACAGCOU^TTnACCAACCAMCAAACATTCTTAAGTGTTTC AATTCTG GCAAAGAACCGCACAIAGCCAGAAATTCCAC GCC C C CT A 

1500 ...... 

POL »- PhePheArgGluA«pLcuAUPheL«uGlnClyLyiAlAArgGluPheSer 

Ly.LysClyCy«TrplysCysClyLyaCluGlyHi.ClaMetLyaAapCyaThrC^ 
C GAAAAAC GGCTGTTC CAAATCTCCAAACGAACGACAC CAAATGAAAGATTCTACTCACAGACACCCTAATTTTTTAC GGAACATCTCCC CTTC CTACAAGGCAAGGC CAC GGAATTTTC 

1600 

SerGluGlnThrArgAl.AsnSerProThrArgArgGluLeuClnV.lTrpClyArgAtpAsnA.nSerLcuSerCluAUClyAUA.pArgGlnGlyThrVtlSerPheAtaPhePro 
GloSerArgProGluProThrAUProProGiuGluSerPheArgSerGlyValCiuThrThrThrProSerGULyfClnGluProIleAipLy.GluLeuTyrProLeuThrScrLeu 

nUGACCAGACCACAGCCAACAGCCCCACCACAACAGAGCTTCACCTCTCGCCTA 

1700 1800 
ClnlleThrLeuTrpGlriArgProLeuValThrlleLyilleGlyGlyCULeuLyiGluAULeuUuA.pThrGlyAUA.pAipThrV.lUuCiuCluMetSerLeuProClyArg 

ArgScrLeuPheGlyAsoAspProSerSerCla • 
TCAGATCACTCTTTGGCAAC C AC C C CT CGTCACAATAAAGATAGGGGCGCAAC T AAAG GAAGCTCTATT AGATACAG GAGCAGATCATACAGTATTAGAAGAAATGAC TTTGC CAC GAAG 

19°° 

TrpLytPrky*^leGlyClyn«ClyClyPheIieLyiV.UrgGlnTyrA t pClQlleLeuIleClulleCysGlyHiiLysAUneGlyThrV.iUuV«lGly 

atggaaaccaaaaatgatagggc^^ttggacgttttatcaaagtaagacagtatcatcagatactcatagaaatctgtggac^ 

2000 . . . • 

VaU»nIUIleGlyArgA$nLeuLeuThrGlnIleClyCy«ThrLeuAinPheProlleSerProlleGluThrValProV*lLyiLeuLy.ProClyMetAipGlyProLy*ValLyt 

tctcaacataattggaagaaatctgttgactcagattcgttccactttamttttcccattagtcctattgaaactgtaccagtaaaattaaacc 

2100 ...... 

GLnTrpProL«uThrCluCluLytIieLyiAl*LeuValCluIleCyiThrCluMetCluLy«GluClyLysIleSerLytIleClyProGiuAinProTyrA*nThrProValPheAU 

acaatgcccattcacagaacaaaaaataaaaccattactacaaatttctacacaaatccaaaagcaaccgaaaatttca^ 

2200 ........ 

IleLyiLy$LysAspSerThrLyfTrpArgLyiLeuV«lAipPheArgCluLeuAinLy»ArgThrCinA»pPheTrpGluValClnLeuClyll«ProHiiProAUClyL«uLysLyi 

CA T AAAGAAAAAAG AC AGTACT AAATG CACAAAATTACT AGATTTC ACAGAACT T AAT AACAGAAC T C AAGACTTC TCGCAAGTTC AATTAG CAATACCACATC C C CCAC GCTT AAAAAA 
2300 ......... 2400 

Ly*Ly*SerValThrValLeuA*pValGlyAapAUTyrPheSerValProLeuAipCluAapPheArgLy»TyrThrAlaPh«ThrIleProSerIieA»tiAinGluThrProClyIU 
GAAAAAATCACTAACACTACTGGATCTGCCTGATCCATArrTrrCACTTCCCTTAGATCAAGACTTCACGAAGTATACTCCATTTACC^ 

2500 

ArgTyrClaTyrAsnVaUeuProClnClyTrpLyiGlySerProAUIiePheCinSerSerHetThrLyalieLeuGluProPheArgLyiGlttAaoProAiplleVaUleTyrCU 
TAGATATCAGTACAATCTGCTTCCACAGGCATCGAAACaTCACCACCAATATTCCAAACTACCATCACAAAAAmTACAGCa 

2600 

TyrMetAapAapUuTyrValGiySerAipLeuGlulleGlyClnHiaArgThrLyaUeCluGluLeuArgCinHiiUuLeuArgTrpGlyUuThrThrProAapLyaLyaHiiCln 
ATACATGGaTGATTTCTATCTACGATCTCACTTAGAAATAGGCCAGCATAGAACAAAAATAGACCACCTCAGACAACATCTGTTGAGCT 

2700 ...... 

LyiCluProProPheLeuTrpMetGlyTyrCluLeuHiaProAipLyaTrpThrV«lClQproIleValUuProGluLyiA»pSerTrpThrValA«aA»pIleCULytLeuValGly 

GAAAGAAC CTC CATTC CTTTC CaTCCCTTATCAACTCCATC CT gataaatc CAC act ACACCCT AT ACTGCTGC CACAAAAAGACAGCTG gactgtcaatgacat acacaacttactggc 

2800 . . . . . . ' * 

ly$LeiiA»nTrpAlaS«rClDlleTyrProClyIleLy«ValArgClnL«uCy8LyiLeuLeuArgClyThrLyiAUL«uThrCluV«lIleProLeuThrGluGlaAlaCluLeuClu 

AAAATTGAATTGGGCAAGTCAGATTT AC C CAG GCATTAAACT AAG GCAATTATGT AAACT CCTTACAC CAAC CAAAGCACT AACACAACTAATAC CACT AACAGAAGAACCAGAC CT AG a 

2900 - .3000 



3000 



teuAlaGl^RtiArgGluIULeuLyiCluProValBiaGlyValTyrTyrAapProSerLyiAapLeulUAlaGUIleClnLyaGlnGiyGloGlyCloTrpThrTyrCUIleTyr 
ACTGCCAGAAAACAGACAGArrCTAAAAGAACCAGTACATGGAGTGTATTATGACCCATCAAAAGACTTAATAGCAG 

3100 

!;ioCluProPheLy«AtnLeuLy»ThrGlyLy«TyrAl*ArgThrA^^ 
7CAAGACCCATTTAAAAATCTGAAAACAGCAAAATATC(^<^CGACGCGTCCCCACACT^ 

3200 .... 
TrpClyLyaThrProLytPheLyiLeuProlleClnLyaGluThrTrpGluThrTrpTrpThrCluTyrTrpClnAUThrTrpUeProCluTrpCluPheValAaoThrProProLeu 

aTgcggaaacactcctaaatttaaactacccatacaaaaccaaacatccgaaacatcgtgcac 

3300 ...... 

'valLysLeuTrpTyrGlnLeuCluLysGUProIleValGl yAlaCluThrPheTyrV.Ua pClyAlaAlaSerArgGiuThrLytLeuGlyLyiAlaGiyTyrValThrAiftArgCly 

actcaaattatcctaccacttacacaaagaacccatagtacgaccacaaacgttctatctagatcccgcagctagcaccgac 

3400 ........ 

ArgGlnLysValValThrleuThrAapThrThrAaoClnLyaThrCluLeuClr^lalleKiaLeuAiaLeuClnAapSerGlyLeuCluValAanlleVaiThrAapSerGlnTyrAla 

AAGACJUUU^CTTCTCACCCTAACTGACACAACAAATCAGAACACTCACTTACAAGCAArrCATCTAGCTTTGCAGGATTCCG^ 

3 500 . . . . . . . • • 3600 
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, „ T , n ri „i ...ll.LvtLvmCluLytV.lTyrLeuAUTrpVtlProAUHnLyiClyne 

PheAx.V.lTyrTyrAr^.pS.rAr^pFr.UuTrpLy.^^ 

TTI7CGGCTTTATTACAGGGACAGCAGAGATCCACTTTGGA>AGGACCACCAAAGCTCCTCTCGAAAGCTGAACCC 

4500 

ArELy £ AULyiUeIleAr & AipTyrClyLyiClo>tetAUClyA«pA» P CytVtlAUS e rArgGlaAipCluAip • Lv.Hi.HiiM.tTvrV.iSer 

t -Sg^ 

LtuIltTtarProLysLyllltLy.ProProUuProS^ 
A CTlcAGCTmAGACGAGCTTAAGAA^ 

{^T AAT AACAATTC TCCAACAACTGCTCTTTATC CATTTC AGAATTC CXITCTCCACATACCAGAaT ACCCCTTACTCAACACAC CAGAGCAAGAAATG GAGC CAGTACATC CT AGACT AC 

xgccctgcaaccatccagg^gtcaccct 

<^U^CCGAGACACCCACCAACACCTCCTC^ 

ENV»- LytCluClnLytThr 

TACTACCAATAATAATAC^TACTOTCTCCTCCJITACTAATCATAC^^ 

. . 5700 ..•••* 

5800 ...•••** 

5900 ••••••'* 

p,,,».,,ProClnCluV.lV»lUuVUi7ivaT^GluA.iiPbeA.i>»^^ 
CCCA^CCCACWGAAGTAGTATTCGTAAATG 

t , . , 6100 • • 

r„.«.itv.L.uThrProL.uCv.V«lS«leuLy.CyirhrA.pleuciyA^^ 
TGTCTiA^TTAACCCcI^ 

, . . 6200 • * • 

ATA^AAACTCCTCTTOAATATCACCACAAGa 

6300 . 

ThrS«rCy.feT^r7.1Il.ThrGl^^^ 

acaaotc^cacctcagtca™^ 

6400 . * 

A^cTy^GlyProCy.ThrAT^V^^ 
AATGCAACAGGACCATGTACAAATGTCAGCACACTACA^ 

SerAl*A*nPTeT^AipA»aAl*Ly«ThrIleIleV4lClaLe 
TCTWcllmCACAGACAATGCTAAAACCATAAT^ 

ClyA*|AUPbtV.lThrIWGlyLyiniciy*^ 
CGCa^AGCATTTCTTACAATACGAAAAATAGCAAAIATCACACAAGCAC^ 

6800 . ■ • ^ 

ClyA J aA-^fy^IlenePh«Ly.GloS«SerGlyClyA.pProCluIleV.lThrHi.S«rPheM 
(^TAATAAAACAATAATCTTTAAC(^TCCTCAG 

. , 6900 ,..••* 

TTrTrpPbeA^SeTrTrTrpSerThrCluClySer 
ACTrcCTnAATACTACTTCCACTACTC^GCTCAAATAACACTGA^ 

7000 . • - * 

MetTyrAliProProIUSerClyGloIleArgCyiSerSerAiQlUThrCly^^ 
ATCTATCCCCCTCCCATCAGCGGACAAATTAGATCTTCATCAAATATTACA 

7100 7200 
AjpHetArgA.pA.nTrpAxgSerCLuLeuTyrLy.TyrLyiV*^^^ 

CaTATCACGCACAATTCGACAACTCAATTATATAAATATAAACTAGTAAAAATTGAACCATTACCACT 

7300 
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ClylleClyAULeuPheL«uClyPh«LeuClyAiftAUClyS«rThrKetClyAUArgS«rK«tThrL«uThrVaiClnAUArgCULeuL«u3trClyn«V»lCloClnClaAiO 
GGAATACCJU;CTTTCTTCCTTGG<r!TCTTCG 

7400 .... 

AioLeuLeuArgAUntCluAUCloClaHULeul«uGlnLeuThrV«l^^ 
WTTTCCTCACGGCTATTGAGKCXAACACCATCT^^ 

. 7500 . . . 

ClyIleTrpClyCyiSerClyLy§LeuIleCy«ThrThrAl«V»lProTrpAaQAUSerTrpSerA«DLyiSerLeuCluClDll«TrpAittA»nMetThrTrpMetCluTrpA»pArg 
CCCAmCCOCTTCCTCTCCUAAACTCATTTCCACCACTCCTCTGCCTTGCAATGCTACTTC^ 

. . . 7600 ........ 

GluIleA«aA«aTyrTfcrSerL«uIleHiaSerl*uIleGluGluSerCliiAtaGlnGlnGlu^ 
CAAATTAACAATTACACAAGCTTAATACATTCCTTAATTGAAGAATCGCA>XACC^ 

. 7700 ......... 7800 

AsnlleTbrAaoTrpLeuTrpTyrlleLyalUPhelleHetlleValGlyClyUuValCl^ 
AACATAACAMTOGCTCTCCTATATAAAAATATTCaTAATC^ 

7900 _. . 

ProLeuSerPheCloThrHiiLeuProThrProAxjClyProAipAxgProGlu^ 
CUmTCGTTTCAGACCCACCTCCCAACCCC(UGC<^CCCGACAGCCCCGAACGAAT 

... . . . WOO .... 

AUUuIleTrpAipA»pLeuAxgSerLeuCy«LeuPheSerTyrHiiArgLeuAx^ 
CCACTTATCTGC<aCGATCTWGGAGCCTCTCCCT(Xr^ 

8100 . ..... 

LyiTyrTrpTrpAaQLeuLeuGlQTyrTrpSerClnGluLeuLyaAinSerAlaValSerUuUuAjQAlaThrAlalleAlaValAlaCluClyTbrAapArtVaUleCluValVal 
AAATATTGCTGGAATCTC CTACAGTATTG GAGTCAGGAACTAAACAATAGTGCT GTTAGCTTGCTCAATGC CACAGCCATACCAGTACCTCAGGGCACACATAGGCTTATAGAACT ACT A 

8200 ........ 

ClDGlyAUCyaArgAlalleArgHiallePToArgArglleArgGlaGlyUuGluArglleUuUu • 

0RF f AapArgAlaTrpLy*ClyPheCyiTyTLy^3GlyGlyLyaTrpS«rLyaS«rS«rValV*lClyTrpProThrV*l 
CAAG GAGCTTCTAGAGCT ATTCG C CACA TAC CT AGAAGAAT AAGACA G CGCTTC GAAACGATTTTGCT AT AAGATC GCTC CCAAGTCCTCAAJlAAGTAjCTCTG GTTC CATC GCCT ACT GT 
8300 ......... 8400 

Ar gG 1 uAx(Me t Ar gAr gAl * CI uPr oAl aAl aJU pC ly Va 1 G 1 yAl aAl • Se r Ax gAa pL«uCl uLy aH i«Gl yAl ■ 1 1 « Tbr 8« r 8* r AanThr Al *A1 • Th r AaoAl aAl «Cy a Al a 

aagggaaagaatcacacgacctgacccaccaccacatcccgtcccagc 

8500 

TrpLeuCluAUClnCluGluCluCluValGlyPhcFroValThrFroClttV*^^ 
CTGCCTACJUUXACAACACGACCAGGAGCTCGCTTrTCCAGTCACACCT 

8600 .... 

UuGWGlyUuIUHiiS€rClnAr*ArgClnAtpIleLeuA«pLeuTrpIW^ 
ACTCGAACGCCTMTTCACTCCCAACCAACACAAGATATCCTIGATC 

8700 ...... 

UumPheGlyTrpCyiTyrLyaUuV«lProV«lGluProAjpLyiValGluClu^ 
ACTGACCrrrGGATCCTCCTACAAGCTACTACCAGTTGAG^C^CATAA^ 

8800 ........ 

CluArgGluValUuCluTrpArgPtaeAapSerArgLc\iAlaPhcHiaHiaValAlaATgCluLcuHiaProGluTyrPheLyaAaDCya • 

TCACACACAACTCrtACACTCCACGmCACA«CGCCTACCATraA 

8900 ......... 9000 

CCCTCGCCACTTTCCACCCACCaraGCCTCCCCCCCACTCC 

. H.ndlll .... 9100 
GAGCCTCCCAGCTCTCTGGCTAACTAGCCAACCCACTCCrTAAGGCTCAATAAAGOT 

9193 

Figure 1. Complete DNA Sequence of Viral Genome (LAV-1a) 

The sequence was reconstructed from the sequence of phage AJ19 insert. The numbering starts at the cap site, which was located experimentally 
(see above). Important genetic elements, major open reading frames, and their predicted products are indicated together with the Hind lit cloning 
sites. The potential glycosylation sites in the env gene are overlined. The NH r terminal sequence of p25 ga9 determined by protein microsequencing 
is boxed (Genetic Systems, personal communication). 

Each nucleotide was sequenced on average 5.3 times: 85% of the sequence was determined on both strands and the remainder was sequenced 
at least twice from independent clones. The base composition is T, 22.2%; C, 17.8%; A, 35.8%; G, 24.2%; G + C, 42%. The dinucleotide CpG 
is greatly under-represented (0.9%) as is common among eukaryotic sequences (Bird, 1980). 



The LTR 

The organization of a reconstructed LTR and viral flanking 
elements are shown schematically in Figure 3. The LTR is 
638 bp long and displays usual features (Chen and Barker, 
1984): it is bounded by an inverted repeat (5'ACTG) includ- 
ing the conserved TG dinucleotide (Temin, 1981); adjacent 
to 5' LTR is the tRNA primer binding site (PBS), com- 
plementary to tRNA 1 * 5 (Raba et al., 1979); adjacent to 3' 
LTR is a perfect 15 bp polypurine tract. The other three 



polypurine tracts observed between nucleotides 
8200-8800 are not followed by a sequence that is com- 
plementary to that just preceding the PBS. 

The limits of U5, R, and U3 elements were determined 
as follows. U5 is located between PBS and the polyadeny- 
lation site established from the sequence of the 3' end of 
oligo(dT)-primed LAV cDNA (Alizon et al., 1984). Thus U5 
is 84 bp long. The length of R+U5 was determined by syn- 
thesizing tRNA-primed LAV cDNA. After alkaline hydroly- 



Table 1. 


Locations and Sizes of Viral Open Reading Frames 








orf 


1 st Triplet 


Met 


Stop 


No. Amino Acids 


M f Calc. 


gag 


312 


336 


1.836 


500 


55.841 


pol 


1.631 


1.934 


4.640 


(1 ,003) 


(113,629) 


orf Q 


4.554 


4,587 


5.163 


192 


22,487 


env 


5,746 


5,767 


8.350 


861 


97,376 


orf F 


8,324 


8,354 


8.972 


206 


23,316 



The nucleotide coordinates refer to the first base of the first triplet (1 s1 triplet), of the first methionine (initiation) codon (Met) and of the stop codon 
(Stop). The numbers of amino acids and molecular weights are those calculated for unmodified precursor products starting at the first methionine 
through to the end, with the exception of pol, where the size and M f refer to that of the whole orf. 
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p 



ACCGCGGGC- jG^CCC ^ 
CAGTGGCGCCCGAftCAGGGAC 
*|R ; - PBS 



Figure 2. Comparison of the Genome Organization of LAV with Those 
of Human T Cell Leukemia/Lymphoma Virus Type I (HTLV-I) (Seiki et 
al 1983), Moloney Murine Leukemia Virus (MoMuLV) (Shinnick et al., 
1981), and Rous Sarcoma Virus (RSV) (Schwartz et at., 1983) 
The positions and sizes of viral genes are drawn to scale (open boxes) 
and the viral genomes (RNA forms) are delimited by brackets. 

sis of the primer, R+U5 was found to be 181 ±1 bp (Fig- 
ure 4). Thus R is 97 bp long and the cap site at its 5' end 
can be located. Finally, U3 is 456 bp long. The LAV LTR 
also contains characteristic regulatory elements: a poly- 
adenylation signal sequence AATAAA 19 bp from the R-U5 
junction, and the sequence ATATAAG. which is very likely 
the TATA box, 22 bp 5' of the cap site. There are no long 
direct repeats within the LTR. Interestingly, the LAV LTR 
shows some similarities to that of the mouse mammary tu- 
mor virus (MMTV) (Donehower et al., 1981). They both use 
tRNA'^ as a primer for (-) strand synthesis, whereas all 
other exogenous mammalian retroviruses known to date 
use tRNA pro (Chen and Barker, 1984). They possess very 
similar polypurine tracts; that of LAV is AAAAGAAAAGG- 
GGGG while that of MMTV is AAAAAAGAAAAAAGGGGG. 
It is probable that the viral (+) strand synthesis is discon- 
tinuous since the polypurine tract flanking the U3 element 
of the 31TR is found exactly duplicated in the 3' end of orf 
pot, at 4331-4346. In addition, MMTV and LAV are excep- 
tional in that the U3 element can encode an orf. In the 
case of MMTV, U3 contains the whole orf while, in LAV, U3 
contains 110 codons of the 3' half of orf F. 

Viral Proteins 
gag 

Near the 5' extremity of the gag orf is a "typical" initiation 
codon (Kozak, 1984) (position 336), which is not only the 
first in the gag orf, but the first from the cap site. The 
precursor protein is 500 amino acids long. The calculated 
M f of 55,841 agrees with the 55 kd gag precursor poly- 
peptide (Luc Montagnier, unpublished results). The N- 
terminal amino acid sequence of the major core protein 
p25, obtained by microsequencing (Genetic Systems, per- 
sonal communication), matches perfectly with the trans- 
lated nucleotide sequence starting from position 732 (see 
Figure 1). This formally makes the link between the cloned 
LAV genome and the immunologically characterized LAV 
p25 protein. The protein encoded 5' of the p25 coding se- 
quence is rather hydrophilic. Its calculated M r of 14,866 is 
consistent with that of the gag protein p18. The 3' part of 
the gag region probably codes for the retroviral nucleic 
acid binding protein (NBP). Indeed, as in HTLV-I (Seiki et 



Figure 3. Schematic Representation of the LAV Long Terminal Repeat 
(LTR) 

The LTR was reconstructed from the sequence of AJ19 by juxtaposing 
the sequences adjacent to the Hind III cloning sites. Sequencing of 
oligo(dT)-primed LAV DNA done pLAV75 (Alizon et al., 1984) rules out 
the possibility of clustered Hind III sites in the R region of LAV. LTR are 
limited by an inverted repeat sequence (IR). Both of the viral elements 
flanking the LTR have been represented as tRNA primer binding site 
(PBS) for 5' LTR and polypurine track (PU) for 3' LTR. Also indicated 
are a putative TATA box, the cap site, polyadenylation signal (AATAAA), 
and polyadenylation site (CAA). The location of the open reading frame 
F (648 nucleotides) is shown above the LTR scheme. 

al., 1983) and RSV (Schwartz et al., 1983), the motif Cys- 
X 2 -Cys-X 8 . 9 -Cys common to all NBP (Oroszlan et al., 1984) 
is found duplicated (nucleotides 1509 and 1572 in LAV se- 
quence). Consistent with its function the putative NBP is 
extremely basic (17% Arg + Lys). 
pol 

The reverse transcriptase gene can encode a protein of up 
to 1003 amino acids (calculated M r = 113,629). Since the 
first methionine codon is 92 triplets from the origin of the 
open reading frame, it is possible that the protein is trans- 
lated from a spliced messenger RNA, giving a gag-pol 
polyprotein precursor. 

The pol coding region is the only one in which signifi- 
cant homology has been found with other retroviral protein 
sequences, three domains of homology being apparent. 
The first is a very short region of 17 amino acids (starting 
at 1856). Homologous regions are located within the pl5 
gag RSV protease (Dittmar and Moelling, 1978) and a poly- 
peptide encoded by an open reading frame located be- 
tween gag and pol of HTLV-I (Figure 5) (Schwartz et al., 
1983; Seiki et al., 1983). This first domain could thus cor- 
respond to a conserved sequence in viral proteases. Its 
different locations within the three genomes may not be 
significant since retroviruses, by splicing or other mecha- 
nisms, express a gag-pol polyprotein precursor (Schwartz 
et al., 1983; Seiki et al., 1983). The second arid most ex- 
tensive region of homology (starting at 2048) probably 
represents the core sequence of the reverse transcrip- 
tase. Over a region of 250 amino acids, with only minimal 
insertions or deletions, LAV shows 38% amino acid iden- 
tity with RSV, 25% with HTLV-I, and 21% with MoMuLV 
(Schinnick et al., 1981) while HTLV-I and RSV show 38% 
identity in the same region. A third homologous region is 
situa'ed at the 3' end of the pol reading frame and corre- 
sponds to part of the pp32 peptide of RSV that has ex- 
onuclease activity (Misra et al., 1982). Once again, there 
is greater homology with the corresponding RSV se- 
quence than with HTLV-L 
env 

The env open reading frame has a possible mutator 
methionine codon very near the beginning (eighth triplet). 



117 — 

177-i 

172- 

1M— 



lit 



Figure 4. Synthesis of RNA-Primed LAV cDNA for R+U5 (Strong-Stop 
cDNA) 

Lanes 1 and 2 show two different quantities of cONA while lanes M and 
M' represent markers. The strong-stop cDNA is 181 bases long with a 
second, less intense band at 180. The error of estimation is ± 1 bp. This 
maps the major cap site to the second G residue of the sequence 
CTGGGTCT within the LTR, 24 nucleotides downstream of the TATA 
box. This guanosine residue is taken as the first base in the nucleotide 
sequence shown in Figure 1. 

If so, the molecular weight of the presumed env precursor 
protein (861 amino acids, M r calc = 97,376) is consistent 
with the known size of the LAV glycoprotein (110 kd and 
90 kd after glycosidase treatment; Luc Montagnier, unpub- 
lished). There are 32 potential N-glycosylation sites (Asn- 
X-Ser/Thr), which are overlined in Figure 1. An interesting 
feature of env is the very high number of Trp residues at 
both ends of the protein. There are three hydrophobic 
regions, characteristic of the retroviral envelope proteins 
(Seiki et al. f 1983), corresponding to a signal peptide (en- 
coded by nucleotides 5815-5850 bp), a second region 
(7315-7350 bp), and a transmembrane segment (7831- 
7896 bp). The second hydrophobic region (7315-7350 bp) 
is preceded by a stretch rich in Arg + Lys. It is possible 
that this represents a site of proteolytic cleavage, which, 
by analogy with other retroviral proteins, would give an ex- 
ternal envelope polypeptide and a membrane-associated 
protein (Seiki et al.. 1983; Kiyokawa et al., 1984). A striking 
feature of the LAV envelope protein sequence is that the 
region following the transmembrane segment is of un- 
usual length (150 residues). The env protein shows no 



Figure 5. Location of a Short Stretch of Homology in the gag-pol Re- 
gion of the LAV. HTLV-I (Seiki et al.. 1983) and RSV (Schwartz et al.. 

1983) Genomes 

Conserved amino acids are boxed. Homologous region is shown by 
the solid bar in the schema. Each virus is organized differently in this 
region but the sequence in the RSV genome maps to p159 ag , which 
has a protease-associated function. 

homology to any sequence in protein data banks. The 
small amino acid motif common to the transmembrane 
proteins of all leukemogenic retroviruses (Cianciolo et al., 

1984) is not present in LAV env. 
Q and F 

The location of ort Q is without precedent in the structure 
of retroviruses. Orl F is unique in that it is half-encoded 
by the U3 element of the LTR. Both orl have strong initiator 
codons (Kozak, 1984) near their 5' ends and can encode 
proteins of 192 amino acids (M r calc = 22,487) and 206 
amino acids (M r calc = 23,316), respectively. Both puta- 
tive proteins are hydrophilic (pQ 49% polar, 15.1% Arg + 
Lys; pF 46% polar, 11% Arg + Lys) and are therefore un- 
likely to be associated directly with membrane. The func- 
tion for the putative proteins pQ and pF cannot be 
predicted, as no homology was found by screening pro- , 
tein sequence data banks. Between ort F and the pX pro- 
tein of HTLV-I there is no detectable homology. Further- 
more, their hydrophobicity/hydrophilicity profiles are 
completely different. It is known that retroviruses can 
transduce cellular genes -notably proto-oncogenes 
(Weinberg, 1982). We suggest that oris Q and F represent 
exogenous genetic material and not some vestige of cellu- 
lar DNA because LAV DNA does not hybridize to the hu- 
man genome under stringent conditions (Alizon et al., 
1984), and their codon usage is comparable to that of the 
gag, pol, and env genes (data not shown). 

Relationship to Other Retroviruses 

Although LAV is both morphologically and biochemically 
(Barre-Sinoussi et al., 1983) distinct to HTLV-I and -II, it re- 
mained possible that its genome was organized in a simi- 
lar manner. The characteristic features of HTLV-I and -II 
genomes, which they share with the more distantly related 
bovine leukemia virus (BLV) (Rice et al., 1984), are not 
observed in the case of LAV. These are: a region 3' of 
the envelope gene consisting of a noncoding stretch 
(600-900 bp), followed by a coding sequence of 307-357 
codons (X open reading frame), which may slightly over- 
lap the U3 region of the LTR (Seiki et al., 1983; Rice et al., 
1984; Sagata et al., 1984) and, second, the LTR being 
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Table 2. Comparison of the Size of the LAV LTR and LTR-Related 
Element to Those of Other Retroviruses ^ 



LTR 



U3 



U5 



PU PBS 



IR 



456 97 85 

355 228 176 

314 248 261 

1.197 11 124 

449 68 77 

234 21 80 

420 97 80 



LAV &38 
HTLV-l 759 
HTLV-II 763 
MMTV 1.332 
MoMuLV 594 
RSV 335 

SNV 601 

Adapted from Chen and Barker (1984). 
i s imperfect match or tract. 

SNV = spleen necrosis virus (Shimotohno and Temin, 1982). 



15 LYS 4 

12' PRO 4' 

12' PRO 4' 

19 LYS 8' 

13 PRO 13 

11 TRP 15 

13 PRO 9 



composed of unusually long U5 and R elements and the 
polyadenylation signal being situated in U3 instead of R 
(Seiki et al., 1983; Sagata et at., 1984; Shimotohono et al., 
1984). We show here that, in contrast, the 3' end of the LAV 
envelope gene overlaps an open reading frame, termed F, 
that has the coding capacity for 206 amino acids and ex- 
tends within the LTR (110 amino acids are encoded by the U3 
region). The putatively encoded polypeptide (pF), the pri- 
mary structure of which can be deduced, does not show 
any homology with the theoretical X gene products of the 
HTLV/BLV family. Also, the U5 and R elements are shorter 
(Table 2) and the polyadenylation signal is located within R, 
as is the case for all retroviruses except the HTLV/BLV. Ad- 
ditionally, LAV uses tRNA 1 ? as (-) strand primer, as op- 
posed to tRNAP f0 employed by all other mammalian retro- 
viruses except MMTV (Donehower et al., 1981). Those 
homologies detected between the polymerase and pro- 
tease domains of LAV and HTLV are also found in several 
retroviruses, RSV in particular. 

It has been reported that a cloned HTLV-III genome 
hybridizes (T m = 28°C) to sequences in the gag-pol and 
X regions of HTLV-l and -II; although restriction maps of 
cloned LAV and HTLV-III show almost perfect agreement 
(Hahn et al., 1984), we were unable to detect any such 
hybridization between LAV and HTLV-II (T m = 55°C) 
(Alizon et al., 1984). Indeed, there is a punctual region of 
homology between LAV and HTLV-l (23/27 nucleotides 
starting at position 1859 in the LAV sequence) but nothing 
significant between the two viruses in the X region of 
HTLV-l. One possible reason for this discrepancy is that 
HTLV-III is subtly different from LAV. However it was sub- 
sequently reported that there was very minimal, if any, ho- 
mology between orf X (of HTLV-l) and HTLV-III (Shaw et al., 
1984). 

Discussion 

Regulatory sequences carried by retroviral LTR are be- 
lieved to be involved in specific interactions between the 
viral genome and the host cell (Srinivasan et al, 1984). 
The LTR sequences of LAV are unique among retrovi- 
ruses. That could reflect an original mode of gene ex- 
pression, possibly in relation to particular transcriptional 
factors present in the virus-harboring cell. This hypothesis 
can be tested by studying the regulatory activity of the LAV 



LTR sequences in transient or long-term experiments in- 
volving an indicator gene and different cellular contexts. 

The presence of the Q and F reading frames in addition 
to the conventional gag-pol-env set of genes is unex- 
pected. One should now address the question of their role 
in the viral cycle and pathogenicity by trying to character- 
ize their protein product(s). It is tempting to speculate on 
a role of such polypeptide(s) in T4 cells' mortality, a prob- 
lem that can be studied by designing synthetic peptides 
for antibody production or by using site-directed mutagen- 
esis of Q and F coding regions. 

The peculiar genetic structure of LAV poses the ques- 
tion of its origin. The virus shares common tracts with other 
(apparently unrelated) retroviruses. For instance, the un- 
usually large size of the outer membrane glycoprotein 
(env) and a comparably sized genome are also observed 
in the case of lentiviruses such as Visna (Harris et al., 
1981; Querat et al., 1984). The presence of a large part of 
the F open reading frame in the LTR, and the use of 
tRNA'* 5 as a primer for (-) strand synthesis, is reminis- 
cent of the mouse mammary tumor virus. On the other 
hand, homologies in the pol gene would suggest that the 
LAV is closer to RSV than to any other retroviruses. Obvi- 
ously, no clear picture can be drawn from the DNA se- 
quence analysis as far as phylogeny is concerned. Thus, 
it may well be that LAV defines a new group of retroviruses 
that have been independently evolving for a considerable 
period of time, and not simply a variant recently derived 
from a characterized viral family. Both epidemiology and 
pathogeny of AIDS should be reconsidered with this idea 
in mind, when trying to answer such questions as these: 
Are there other human or animal diseases that are as- 
sociated with similarly organized viruses? Is there a precur- 
sor to AIDS-associated virus(es) normally present, in la- 
tent form, in human populations? What triggered in this 
case the recent spreading of pathogenic derivatives? 

Experimental Procedures 
M13 Cloning and Sequencing 

Total U19 DNA was sonicated, treated with the Klenow fragment of 
DNA polymerase plus deoxyribonucleotides (2 hr, 16°C). and fraction- 
ated by agarose gel electrophoresis. Fragments of 300-600 bp were 
excised, electroeluted, and purified by Elutip (Schleicher and Schull) 
chromatography. DNA was ethanol-precipitated using 10 M g dextran 
T40 (Pharmacia) as carrier and ligated to dephosphorylated, Sma I- 
cleaved M13mp8 RF DNA using T4 DNA and RNA ligases (16 hr, 16°C) 
and transfected into E. coli strain TG-I. Recombinant clones were de- 
tected by plaque hybridization using the appropriate "P-labeled LAV 
restriction fragments as probes. Single-stranded templates were pre- 
pared from plaques exhibiting positive hybridization signals and were 
sequenced by the dideoxy chain termination procedure (Sanger et al.. 
1977) using a-»S-dATP (Amersham. 400 Ci/mmol) and buffer gradient 
gels (Biggen et al., 1983). Sequences were compiled and analyzed 
using the programs of Staden adapted by B. Caudron for the Institut 
Pasteur Computer Center (Staden. 1982). 

Strong-Stop cDNA 

LAV virions from infected T lymphocyte (Barre-Smoussi et al.. 1983) 
culture supernatant were pelleted through a 20% sucrose cushion and 
the cDNA (-) strand was synthesized as described previously (Alizon 
et al., 1984) except that no exogenous primer was used. After alkaline 
hydrolysis (0.3 M NaOH, 30 min, 65°C), neutralization, and phenol ex- 
traction, the cDNA was ethanol-precipitated and loaded onto a 6% 
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acrylamide/8 M urea sequencing gel with sequence ladders as size 
markers. 
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Isolation of a T-Lymphotropic Retrovirus from a Patient 
at Risk for Acquired Immune Deficiency Syndrome (AIDS) 

Abstract. A retrovirus belonging to the family of recently discovered human T-cell 
leukemia viruses (HTLV), but clearly distinct from each previous isolate, has been 
isolated from a Caucasian patient with signs and symptoms that often precede the 
acquired immune deficiency syndrome (AIDS). This virus is a typical type-C RNA 
tumor virus, buds from the cell membrane, prefers magnesium for reverse transcrip- 
tase activity, and has an internal antigen (p25) similar to HTLV p24. Antibodies from 
serum of this patient react with proteins from viruses of the HTLV-I subgroup, but 
type-specific antisera to HTLV-I do not precipitate proteins of the new isolate. The 
virus from this patient has been transmitted into cord blood lymphocytes, and the 
virus produced by these cells is similar to the original isolate. From these studies it is 
concluded that this virus as well as the previous HTLV isolates belong to a general 
family of T-lymphotropic retroviruses that are horizontally transmitted in humans 
and may be involved in several pathological syndromes, including AIDS. 



The acquired immune deficiency syn- 
drome (AIDS) has recently been recog- 
nized in several countries (/). The dis- 
ease has been reported mainly in homo- 
sexual males with multiple partners, and 
epidemiological studies suggest horizon- 
tal transmission by sexual routes (2) as 
well as by intravenous drug administra- 
tion (J), and blood transfusion (4). The 
pronounced depression of cellular immu- 
nity that occurs in patients with AIDS 
and the quantitative modifications of 
subpopulations of their T lymphocytes 
(5) suggest that T cells or a subset of T 
cells might be a preferential target for the 
putative infectious agent. Alternatively, 
these modifications may result from sub- 
sequent infections. The depressed cellu- 
lar immunity may result in serious op- 
portunistic infections in AIDS patients, 
many of whom develop Kaposi's sarco- 
ma (/). However, a picture of persistent 
multiple lymphadenopathies has also 
been described in homosexual males (6) 
and infants (7) who may or may not 
develop AIDS (8). The histological as- 
pect of such lymph nodes is that of 
reactive hyperplasia. Such cases may 
correspond to an early or a milder form 
of the disease. We report here the isola- 
tion of a novel retrovirus from a lymph 
node of a homosexual patient with multi- 
ple lymphadenopathies. The virus ap- 
pears to be a member of the human 
T-cell leukemia virus (HTLV) family 
(9). 

The retrovirus was propagated in cul- 
tures of T lymphocytes from a healthy 
adult donor and from umbilical cord 
blood of newborn humans. Viral core 
proteins were not immunologically relat- 
ed to the p24 and p 19 proteins of sub- 
group I of HTLV (9). However, serum of 
the patient reacted strongly with surface 
antigen (or antigens) present on HTLV- 
I-infected cells. Moreover, the ionic re- 
quirements of the viral reverse transcrip- 
tase were close to that of HTLV. Re- 



cently, a type-C retrovirus was also iden- 
tified in T cells from a patient with hairy 
cell leukemia. Analysis of the proteins of 
this virus showed they were related to, 
but clearly different from, proteins of 
previous HTLV isolates (10). Moreover, 
recent studies of the nucleic acid se- 
quences of this new virus show it is less 
than 10 percent homologous to the earli- 
er HTLV isolates (//). This virus was 
called HTLV-II to distinguish it from all 
the earlier, highly related viruses termed 
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Fig. 1. Analysis of virus from patient 1 on 
sucrose gradients. Cord blood T lymphocytes 
infected with virus from patient 1 were la- 
beled for 18 hours with [ 3 H]uridine (28 Ci/ 
mmole, Amersham; 20 nCi/ml). Cell-free su- 
pernatant was ultracentrifuged for 1 hour at 
50,000 rev/min. The pellet was resuspended in 
200 uJ of NTE buffer (10 mM tris, pH 7.4, 100 
mM NaCl, and 1 mM EDTA) and was centri- 
fuged over a 3-ml linear sucrose gradient (10 
to 60 percent) at 55,000 rev/min for 90 minutes 
in an IEC type SB 498 rotor. Fractions (200 
IjlI) were collected, and 30 nl samples of each 
fraction were assayed for DNA polymerase 
activity with 5 mM Mg 2+ and poly(A) ■ oligo- 
(dT) 12 _i8 as template primer; a 20-pJ portion of 
each fraction was precipitated with 10 percent 
trichloroacetic acid and then filtered on a 
0.45-u.m Millipore filter. The 3 H-labeled acid 
precipitable material was measured in a Pack- 
ard 3 counter. 



HTLV-I. The new retrovirus reported 
here appears to also differ from HTLV- 
II. We tentatively conclude that this vi- 
rus, as well as all previous HTLV iso- 
lates, belong to a family of T-lympho- 
tropic retroviruses that are horizontally 
transmitted in humans and may be in- 
volved in several pathological syn- 
dromes, including AIDS. 

The patient was a 33-year-old homo- 
sexual male who sought medical consul- 
tation in December 1982 for cervical 
lymphadenopathy and asthenia (patient 
1). Examination showed axillary and in- 
guinal lymphadenopathies. Neither fever 
nor recent loss of weight were noted. 
The patient had a history of several 
episodes of gonorrhea and had been 
treated for syphilis in September 1982. 
During interviews he indicated that he 
had had more than 50 sexual partners per 
year and had traveled to many countries, 
including North Africa, Greece, and In- 
dia. His last trip to New York was in 
1979. 

Laboratory tests indicated positive se- 
rology (immunoglobulin G) for cytomeg- 
alovirus (CMV) and Epstein-Barr virus. 
Herpes simplex virus was detected in 
cells from his throat that were cultured 
on human and monkey cells. A biopsy of 
a cervical lymph node was performed. 
One sample served for histological ex- 
amination, which revealed follicular hy- 
perplasia without change of the general 
architecture of the lymph node. Immu- 
nohistological studies revealed, in para- 
cortical areas, numerous T lymphocytes 
(OKT3 + ). Typing of the whole cellular 
suspension indicated that 62 percent of 
the cells were T lymphocytes (OKT3 + ), 
44 percent were T-helper cells (OKT4 + ), 
and 16 percent were suppressor cells 
(OKT8 + ). 

Cells of the same biopsied lymph node 
were put in culture medium with phyto- 
hemagglutinin (PHA), T-cell growth fac- 
tor (TCGF), and antiserum to human a 
interferon (12). The reason for using this 
antiserum was to neutralize endoge- 
nous interferon which is secreted by 
cells chronically infected by viruses, in- 
cluding retroviruses. In the mouse sys- 
tem, we had previously shown that anti- 
serum to interferon could increase retro- 
virus production by a factor of 10 to 50 
(13). After 3 days, the culture was con- 
tinued in the same medium without 
PHA. Samples were regularly taken for 
assay of reverse transcriptase and for 
examination in the electron microscope. 

After 15 days of culture, a reverse 
transcriptase activity was detected in the 
culture supernatant by using the ionic 
conditions described for HTLV-I {14). 
Virus production continued for 15 days 
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and decreased thereafter, in parallel with 
the decline of lymphocyte proliferation. 
Peripheral blood lymphocytes cultured 
in the same way were consistently nega- 
tive for reverse transcriptase activity, 
even after 6 weeks. Cytomegalovirus 
could be detected, upon prolonged co- 
cultivation with MRC5 cells, in the origi- 
nal biopsy tissue, but not in the cultured 
T lymphocytes at any time of the culture. 

Virus transmission was attempted 
with the use of a culture of T lympho- 
cytes established from an adult healthy 
donor of the Blood Transfusion Center at 
the Pasteur Institute. On day 3, half of 
the culture was cocultivated with lym- 
phocytes from the biopsy after centrifu- 
gation of the mixed cell suspensions. 
Reverse transcriptase activity could be 
detected in the supernatant on day 15 of 
the coculture but was not detectable on 
days 5 and 10. The reverse transcriptase 
had the same characteristics as that re- 
leased by the patient's cells and the 
amount released remained stable for 15 
to 20 days. Cells of the uninfected cul- 
ture of the donor lymphocytes did not 
release reverse transcriptase activity 
during this period or up to 6 weeks when 
the culture was discontinued. 

The cell-free supernatant of the infect- 
ed coculture was used to infect 3-day-old 
cultures of T lymphocytes from two um- 
bilical cords, LCI and LC5, in the pres- 
ence of Polybrene (2 u-g/ml). After a lag 
period of 7 days, a relatively high titer of 
reverse transcriptase activity was detect- 
ed in both of the cord lymphocyte cul- 
tures. Identical cultures, which had not 
been infected, remained negative. These 
two successive infections clearly show 
that the virus could be propagated on 
normal lymphocytes from either new- 
borns or adults. 

That this new isolate was a retrovirus 
was further indicated by its density in a 
sucrose gradient, which was 1.16, and by 
its labeling with [ 3 H]uridine (Fig. I). 
Electron microscopy of the infected um- 
bilical cord lymphocytes showed charac- 
teristic immature particles with dense 
crescent (C-type) budding at the plasma 
membrane (Fig. 2). 

Virus-infected cells from the original 
biopsy as well as infected lymphocytes 
from the first and second viral passages 
were used to determine the optimal re- 
quirements for reverse transcriptase ac- 
tivity and the template specificity of the 
enzyme. The results were the same in 
all instances. The reverse transcriptase 
activity displayed a strong affinity 
for poly(adenylate • oligodeoxythymid- 
ylate) [poly(A) • oligo(dT)], and required 
Mg 2 ^ with an optimal concentration (5 
mAf) slightly lower than that for HTLV 
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(14) and an optimal pR of 7.8. The reac- 
tion was not inhibited by actinomycin D. 
This character, as well as the preferential 
specificity for riboseadenylate * deoxy- 
thymidylate over deoxyadenylate • de- 
oxythymidylate, distinguish the viral en- 
zyme from DNA-dependent polymer- 
ases. 

We then determined whether or not 
this isolate was indistinguishable from 
HTLV-I isolates. Human T-cell leuke- 
mia virus has been isolated from cultured 
T lymphocytes of patients with T lym- 
phomas and T leukemias [for a review, 
see (9)]. The antibodies used were spe- 
cific for the p!9 and p24 core proteins of 



HTLV-I. A monoclonal antibody to p 1 9 
(15) and a polyclonal goat antibody to 
p24 (76) were used in an indirect fluores- 
cence assay against infected cells from 
the biopsy of patient I and lymphocytes 
obtained from a healthy donor and in- 
fected with the same virus. As shown in 
Table 1, the virus-producing cells did not 
react with either type of antibody, 
whereas two lines of cord lymphocytes 
chronically infected with HTLV (IT) and 
used as controls showed strong surface 
fluorescence. 

When serum from patient 1 was tested 
against infected lymphocytes from the 
biopsy the surface fluorescence was as 



Table I. Indirect immunofluorescence assay. Cells were washed with phosphate-buffered saline 
(PBS) and resuspended in the same buffer. Portions (5 x I0 4 cells) were spotted on slides, air- 
dried and fixed for 10 minutes at room temperature in acetone. Slides were stored at -80°C until 
use. Twenty microliters of either monoclonal antibody to HTLV p19 (diluted 1/400 in PBS) or 
goat antibody to HTLV P 24 (diluted 1/400 in PBS) or serum from patient I diluted 1/10 in PBS 
was applied to cells and incubated for 45 minutes at 37°C. The appropriate fluorescein- 
conjugated antiserum (antiserum to mouse, goat, or human immunoglobulin G) was diluted and 
applied to the fixed cells for 30 minutes at room temperature. Slides were then washed three 
times in PBS. Cells were stained with Evans blue solution for 15 minutes and then washed 
extensively with water before microscopic examination. 
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Fig. 2. Electron microscopy of thin sections of virus-producing cord lymphocvtes. Thr ,n H -i 
shows various stages of particle budding at the cell surface. 



intense as that of the control HTLV- 
f y producing lines. This suggests that se- 
rum of the patient contains antibodies 
that recognize a common antigen present 
on HTLV-I-producing cells and on the 
patient's lymphocytes. Similarly, cord 
lymphocytes infected with the virus from 
patient 1 did not react with antibodies to 
pl9 or p24. Only a minor proportion of 
the cells (about 1 percent) reacted with 
the patient's serum. This may indicate 
that only this fraction of the cells was 
infected and produced virus. Alterna- 
tively, the antigen recognized by the 
patient's serum may contain cellular de- 
terminants that show less expression in 
T lymphocytes of newborns. 

We also cultured T lymphocytes from 
a lymph node of another patient (patient 
2) who presented with multiple adenopa- 
thies and had been in close contact with 
an AIDS case. These lymphocytes did 
not produce viral reverse transcriptase; 
however, they reacted in the immunoflu- 
orescence assay with serum from patient 
1 . Moreover, serum from patient 2 react- 



ed strongly with control HTLV-produc- 
ing lines (not shown). In order to deter- 
mine which viral antigen was recognized 
by antibodies present in the two patients' 
sera, several immunoprecipitation ex- 
periments were carried out. Cord lym- 
phocytes infected with virus from patient 
1 and uninfected controls were labeled 
with [ 35 S]methionine for 20 hours. Cells 
were lysed with detergents, and a cyto- 
plasmic 510 extract was made. Labeled 
virus released in the supernatant was 
banded in a sucrose gradient. Both mate- 
rials were immunoprecipitated by antise- 
rum to HTLV-1 p24, by serum from 
patients 1 and 2, and by serum samples 
from healthy donors. Immunocomplexes 
were analyzed by polyacrylamide gel 
electrophoresis under denaturing condi- 
tions. Figure 3 shows that a p25 protein 
present in the virus-infected cells from 
patient 1 and in LCI cells infected with 
this virus, was specifically recognized by 
serum from patients 1 and 2 but not by 
antiserum to HTLV-1 p24 or serum of 
normal donors. Conversely, the p24 
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Fig. 3. Immunoprecipitation of 35 S-labeled viral proteins. Cord blood T-lymphocytes infected 
with virus from patient 1 were incubated overnight in culture medium containing one-fifth of the 
normal concentrations of methionine in minimum essential medium, [ 35 S]methionine (1500 Ci/ 
mmole, Amersham; 50 tiCi/ml), and 10 percent dialyzed fetal calf serum. The virus was purified 
by banding on a sucrose gradient as described in Fig. I . Labeled cells were resuspended in 10 m-1 
of saline and then lysed with 90 u,l of RIPA buffer {18) containing aprotinin (500 U/ml; 
Zymofren, Specia) at 4°C for 15 minutes. The supernatant of a I0,000# centrifugation of the cell 
extract was used for immunoprecipitation. A similar extract was made from HTLV-producing 
C 91 /PL cells {17). (A) Portions (20 uJ) of cell extracts were mixed with 6 u.1 of serum, incubated 
for 2 hours at 37°C and overnight at +4°C. Then, 60 fil of a suspension of Protein A-Sepharose 
(10 mg/ml in RIPA buffer) were added. After 45 minutes of incubation at 4°C, immunocom- 
plexes bound to Protein A-Sepharose were washed five times with RIPA buffer by centrifuga- 
tion, heated for 3 minutes at 100°C in denaturing buffer and electrophoresed on 12.5 percent 
polyacrylamide-SDS slab gel {19). Lanes I to 5: Extract of LC| ceils infected with virus from 
patient 1 and tested against 1, serum from patient I; 2. serum from patient 2: 3. serum of a 
healthy donor; 4. goat antiserum to HTLV-Ip24; 5, normal goat serum. Lanes 6 to 10: C91/PL 
(HTLV-producing) cell extract tested with: 6, serum from patient 1; 7, serum from patient 2; 
serum of a healthy donor: 4. goat antiserum to HTLV-lp24; 5, normal goat serum. (B) Portions 
(20 u.1) of the band containing virus from patient 1 were treated with various antisera and 
processed as described for cell extracts. Lane I , serum from patient I; 2, serum from patient 2; 
3, serum of a healthy donor: 4, serum of another healthy donor; 5. goat antiserum to HTLV- 
Ip24. Arrows indicate the p24-p25 protein. Molecular weights (in thousands) are indicated on 
the left. 
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present in control HTLV-infected cell 
extracts was recognized by antibodies to 
HTLV but not by serum from patient 1. 
A weak band (lane 2, Fig. 3B) could 
hardly be seen with serum from patient 
2, suggesting some similarities of the p25 
protein from this patient's cells with 
HTLV-1 p24. When purified, labeled vi- 
rus from patient 1 was analyzed under 
similar conditions, three major proteins 
could be seen: the p25 protein and pro- 
teins with molecular weights of 80,000 
and 45,000. The 45 K protein may be due 
to contamination of the virus by cellular 
actin which was present in immunopre- 
cipitates of all the cell extracts (Fig. 3). 

These results, together with the immu- 
nofluorescence data, indicate that the 
retrovirus from patient I contains a ma- 
jor p25 protein, similar in size to that of 
HTLV-I but different immunologically. 
The DNA sequences of these and other 
members of the HTLV family are being 
compared. All attempts to infect other 
cells such as a B-lymphoblastoid cell line 
(Raji), immature or pre-T cell lines 
(CEM, HSB-»), and normal fibroblasts 
(feline and mink lung cell lines) were 
unsuccessful. 

The role of this virus in the etiology of 
AIDS remains to be determined. Patient 
1 had circulating antibodies against the 
virus, and some of the latter persisted in 
lymphocytes of his lymph node (or 
nodes). The virus-producing lympho- 
cytes seemed to have no increased 
growth potential in vitro compared to the 
uninfected cells. Therefore, the multiple 
lymphadenopathies may represent a host 
reaction against the persistent viral in- 
fection rather than hyperproliferation of 
virus-infected lymphocytes. Other fac- 
tors, such as repeated infection by the 
same virus or other bacterial and viral 
agents may, in some patients, overload 
this early defense mechanism and bring 
about an irreversible depletion of T cells 
involved in cellular immunity. 
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Heinz-Body Hemolytic Anemia from the Ingestion of Crude Oil: 
A Primary Toxic Effect in Marine Birds 

Abstract .Hemolytic anemia developed in young herring gulls and Atlantic puffins 
given daily oral doses of a Prudhoe Bay crude oil. Anemia developed 4 to 5 days after 
the initiation of oil ingestion and was accompanied by Heinz-body formation and a 
strong regenerative response. The data evince a toxic effect on circulating red blood 
cells involving an oxidative biochemical mechanism and the first clear evidence of a 
primary mechanism of toxicity from the ingestion of crude oil by birds. 



Petroleum oils regularly enter the ma- 
rine environment through spills, runoff, 
and seepage (/). Large numbers of birds 
have died in association with marine oil 
spills (2), and the effects of oil on birds 
have been studied experimentally. Birds 
that become oiled ingest oil while preen- 
ing (J), and oral doses of several petro- 
leum oils have produced a wide range of 
sublethal toxic changes affecting growth, 
reproduction, osmoregulation, steroid 
metabolism, and hepatic function {4-6). 
Thus there is a firm basis for concern 
that oil pollution may produce subtle, 
sublethal effects in wild birds that impair 
reproduction or survival. This concern is 
heightened by the current emphasis on 
offshore oil development. 

We report here that young herring 
gulls (Larus argentatus) and Atlantic 
purlins (Fratercula arc t tea) developed a 
severe hemolytic anemia after several 
days of oral dosing with a Prudhoe Bay 
crude oil (PBCO). Our data indicate that 
this was a primary toxic effect in which 
oxidative chemical processes damaged 
red blood cells in the peripheral circula- 
tion, and they constitute the first clear 
evidence of a primary toxic mechanism 
*n experimental studies of the toxicity of 
ingested crude oil in birds. 

In our initial experiments we used 
f tarring gull nestlings 2 to 3 weeks old, 
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taken from a coastal colony. These 
young birds adjust well to captivity and 
tolerate the manipulation required in lab- 
oratory work. Gulls were collected on 
Great Island, 50 km south of St. John's, 
Newfoundland, and held in pens at Me- 
morial University of Newfoundland, St. 
John's (7). Pens were partially bedded 
with hay, and the birds were fed unlimit- 
ed amounts of capelin (Mallotus villosus) 
and seawater. When all the birds were 




Fig. 1. Transmission electron micrograph of a 
Heinz body attached to the plasma membrane 
of a red blood cell from a herring gull which 
ingested 20 ml of Prudhoe Bay crude oil per 
kilogram per day for 4 days (experiment 1). 
This cell is a ghost erythrocyte, with most of 
the free hemoglobin lost from its cytoplasm; 
bar, 200 x 10"* mm. 



gaining weight (3 to 5 days after capture), 
they were divided into experimental 
groups of similar mean body weight (460 
g) and weight distribution. Blood (1 ml) 
was taken from each bird, and experi- 
ments were begun immediately. In ex- 
periment 1, the birds were given either 
10 or 20 ml of PBCO (8) per kilogram of 
body weight per day in gelatin capsules; 
controls received empty capsules. Dos- 
ing continued daily. Blood samples were 
drawn into heparinized tubes on day 5. 
and routine hematological measurements 
were made (9). Values for all groups 
prior to dosing and for controls on day 5 
of dosing did not differ significantly. On 
day 5. blood taken from oil-dosed birds 
was dark brown and failed to redden on 
mixing with air; this result suggested a 
marked reduction in oxygen-carrying he- 
moglobin. The birds receiving oil were 
severely anemic, with packed cell vol- 
umes (PCV) reduced by 43 and 50 per- 
cent (Table 1). The plasma from these 
birds was rusty red, an indication of 
hemolysis either intravascularly or dur- 
ing sample handling. A strong regenera- 
tive response to the anemia was evident 
in the high reticulocyte count (Table 1). 
After the birds were killed, there was no 
evidence of trauma, enteric bleeding, or 
other hemorrhage. These data are suffi- 
cient to permit the classification of this 
anemia arising from oil ingestion as a 
hemolytic anemia {10). 

Heinz bodies were abundant in eryth- 
rocytes from oil-dosed birds (Table 1). 
These were identified by two different 
staining techniques applied to fresh sam- 
ples and in sections studied by light and 
transmission electron microscopy (Fig. 
1) (9). Heinz bodies are dense granular 
masses in red cells thought to consist of 
precipitates of hemoglobin oxidized in 
the protein moiety. They are a classical 
feature of toxic hemolytic anemias pro- 
duced by a variety of dissimilar chemi- 
cals linked mechanistically by the ability 
to cause destructive oxidative reactions 
in red cells (//). The presence of Heinz 
bodies is good evidence of a primary 
toxicosis of red cells and of an oxidative 
biochemical mechanism of toxicity. To 
probe other possible sites of destructive 
oxidative processes in these red cells, we 
measured methemoglobin, sulfhemoglo- 
bin, and reduced glutathione (GSH) in 
whole blood and extractable fluores- 
cence (EF) in red cell membranes as an 
indicator of membrane lipid peroxidation 
{12). No sulfhemoglobin was detected. 
The range of methemoglobin values was 
wide in all groups, and experimental 
animals did not differ significantly from 
controls. Means and standard deviations 
for the percentages of methemoglobin 
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4. LABELLING NUCLEIC ACIDS FOR USE AS PROBES 
4.1 Radioactive Labelling Methods 

4 i 1 Choice of Radioisotope 

The following radioactive isotopes are those most commonly used » nucieic ac.c 
nybndisauons: ^ ;> . ^, 

;• hl2h 

«P l0days " medium 

«I 60 - 0da y s I low 

3« 12.35 years * 

JL£L «SurTLh of the four deoxyribonucieoddes is mdaole » an 

available for use in polymerase reactions. 
4.1.2 Nick Translation 

■v nw,„ i m rr«tf sinale-strand rucks in douoie- 
Tne process of ".cktranslauon uutas DM« 1 »««^ £ MijDNA 
branded DNA. The S--3- exonuclease and 3 -> po mer« cuo 
po,™erase i are .hen used ,o ^nc" ^1 of UbeUeddeoxy. 

™l n " -1 ^=n U .ansuuom. This * ,s shown 
matically in Fiyurf 2. 
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ss DNA. double- and single-sinnded DNA. respectively. 

Nick translation can utilise any deoxynbonucieotide labelled with «P in the a posi- 
, r«»n- ['HI- and non-radioacuve biociny laced nucleotides can also be mcorporated. 
ch a-'Vlabeiled nucleotides, final specific activity of 5 x 10- d.p.nUrt DNA can 
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achieved. The detailed protocol is as follows. 



Preparation . Sucietc Add P roots 

<i) To a microcentrifuge cuoe. aod: 
0.5-1 m§ DNA 
2 4 0.05 mM dAT? 
2 ^1 0.05 mM dGT? 

2 aJ 0.05 mM dTTP 

3 5 ul [a- K PJdCT? (400 - 2000 Ci/'mmol:10 mCurru) 

5 mUO x mck-mix (50 mM MgG, 500 ,grmi BSA. 0o M ms-HCI, 

pH 7.5) 
I id 2% 2-mercapioemanol 

water to i final volume of -8 id . . . 

For hiaher soecinc .cavity probes, the uniaoeiled dTT? can be :=?iacea w«n 
* * al~fa- aD ldT7P (400 - 2000 Ci/mmoi: 10 mCi/ml). 

(ii) Mu well: add I 4 of ONase I (2 ng/ml) freshly diluted from a 2 mg/mi stocx 
(stored at -20°C). . r 

(iii) Add 1 ui of DNA polymerase I (5 units). Incuow ror h atl6 C 

,-iv) Stop the reaction by adding 100 4 stop-mix (12.:, mM cDiA. 0.,Vc SD5. 
10 mM Tns-HCl. pH 7.5). " 

( v) ■ Chromatosraoh the mixture on a small Sephadex G-50 column (e.g.. m a siueotus- 

-d oasteur'pioecte) eouilibrated in 3 x SSC. The DNA is excluded rrorn tne matrix 
and ahead of the unincorporated deoxyribonudeondes. Couec: ^-crop rrac- 
cions from the column into microcentrifuge rubes and count directly oy Cerenxov 
counting. 

(vi) Pool the fractions containing DNA. 

The advantages of using nick translation as a labelling method are: 

(a) the simpiiciry of the reaction: 

(b) the uniform labelling of the DNA: 
fc) the high specific activities achieved. 

The disadvantage is the melting itself, which results in short single-stranded probe 
molecules in the hybridisation reaction. ■ _ • . 

An alternative protocol for nick translation is given in Chapter 8. i oote 

4. l 3 Labelling with 74 DNA Polymerase ^ 
T4 DNA polymerase possesses two activities: a 3 ' - 5' exonuclease activity and a 5 - j 
polymerase (32.33). In the absence of exogenous deoxyribonucieoside triphosphates, 
onfv the exonuclease is active. It is more than 200 times as active as the exonuclease 
of DNA polymerase I and. under normal conditions, can remove 25 nucleotides per 
minute. When nucleotides are added, the polymerase activity predominates. The T4 
DNA polymerase reaction is shown diagrammaticaily in Figure 

T4 polymerase will utilise any deoxyribonucieoside triphosphate labelled with P 
in the Voosuion or wich >H or «I but has not yet been testec btounylated 
nucleotides. The detailed protocol is given below. Note that if the DNA to be laoelled 
is a circular recomb.nant plasmid DNA. it must be first linearised by cutting with a 
suitable restriction enzyme. 

(i, At 0°C dilute an aliauot of T4 DNA polymerase to 0.4 OTarreU unhs/jd (33) 
using the storage buffer recommended by the manufacturer as the diluent. Mix 

well. 



3'- 



J.z.Arrzr.c 



-3' 



.nrac: is 2NA 



r«i sotymerasa - no cnTPs 
13' — 5' ixonuc:ease) 



cnc 53 5' " a i is 



- :N 



3 - 

3'- 



rs In, 



i nrac: 53 2na wtrn 
ion^ !acetiec 3 J ."a rcr.es 



r«m 3. The preparation of probes using W ONA polymerase: — . labelled strand: dNT?s: 
dcoxynbonudeoside ffiphespnates: ds and ss ON A, double- and nngieitranded Dtf A. «oecaveiy. 

(ii) In another microcentrifuge cube, mix: 

2 id 5 x reaction buffer (0.33 M sodium acetate, 50 mM magnesium 
acetate, 500 jtg/ml BSA, 2.5 cnM DTT f 0.165 M Tris-acetate, pH 7.9) 
0.2 jig target DNA 
4 >ii sterile distilled water 

2 ;ti T4 DNA polymerase (0.8 units) as prepared in step (I). 

(iii) Mix, then centrifuge briefly to ensure the contents are at the bottom of the cube. 

(iv) Incubate at 37 °C for the length of time needed to remove the required number 
of nucleotides (25 nucleotides removed per min under these conditions). 

(v) Cool the cube in ice water. 

(vi) Add to the cube: 

3 id 5 x reaction buffer [see step 
0.5 ptl water 

2.5 fx\ 2 mM dCT? 
2.5 pi 2 mM dGTP 
2.5 id 1 mM dTTP 

4.0 id (a- n ?l dAT? (-00 Ci/mmol; 10 mCI/ml) 
(vin Mix thoroughly and centrifuge briefly [as step (iii)| 
(viii) Incubate at 37 3 C for 25 mm. 

33 



• :x; Siop tr.e reaction by adding 5 of 0.3 M EDTA or heating at ii'C for 15 min. 
(x) Separate the labelled DNA from umncorporawc nucleotides by chromatography 

■ through Sephadex G-50 as in Section a. 1.2. steps (v) 3nd (vi). 
The T-t DNA polymerase labelling procedure has several advantages over :he nick 
translation procedure. 

(a) This procedure yieids an intact double-stranded molecule with no nicks. It can 
therefore be cut with restriction enzymes and is more resistant to exonudease 
attack. 

(b) Denned regions of the DNA can be labelled by controlling the reaction condi- 
tions and thus the length of DN'A labelled. 

ic; DNA can be labelled to extremely high specific activity (10* d.p. m./ug) if high 
specific activity nucleotides (2000 Ci/'mmoi) are used. In this case, the volume 
or the [a-"?|dAT? used [step (vi)] must be increased to maintain the concentra- 
tion of dATP at the value given here so mat the polymerase will work. The larger 
volume of [cs--P]dATP required must be concentrated by drying in vacuo and 
then resuspended to - iA final volume ready for addition to the reaction mixture 
[step (vi)]. .Although this yields highly radioactive DNA. DNA labelled to this 
level is unstable, that is. it is cleaved during the radioactive decay. 
id) Labelling of one strand of a doubie -stranded DNA fragment can be achieved. 
The disadvantages of the method become evident when long stretches of DN'A are to 
be labelled, since secondary structures form in the long smgie -stranded regions. These 
secondary- structures inhibit the polymerase activity. 

4.1.4 End-labelling wiih T4 Polynucleotide Kinase 

Polynucleocide kinase is used to transfer the y phosphate of ATP to a free 5' OH group 
in either DNA or RNA. The enzyme also has a phosphatase activity. Two reactions 
are therefore possible (34.35). In the forward reaction, the enzyme catalyses 
phosphorylation following removal of 5 '-terminal phosphates with alkaline phosphatase. 
In the exchange reaction, the kinase catalyses the exchange of an existing 5' phosphate 
with the t phosphate of ATP. The latter reaction has to be carried out in the presence 
of excess ATP and ADP if efficient phosphorylation is to be achieved. Both reactions 
are most efficient with DNA which has a protruding 5' terminus: recessed 5' ends are 
poorly phosphorylated. Specific activities of 5 x 10 5 c.p.m./pmol ends and 8 x 10 J 
c.p.rri./pmol ends can be achieved with the exchange and forward reactions, respec- 
tively, using blunt-ended DNA fragments. RNA is most effectively labelled by T4 
polynucleotide kinase following base cleavage as described in Table 7. 

The detailed protocols for end'-labelling DNA or RNA with T4 polynucleotide kinase 
are as follows. 
Forward reaction. 

(i) Dissolve the DNA fragments (5 pmol of 5' ends) in 100 ol of 50 mM Tris-HCl 
pK 3-0 and add 0.5 units of bacterial alkaline phosphatase. Incubate at 65 °C 
for 60 min. Alternatively, for RNA fragments, use 1.5 units of alkaline 
phosphatase and incubate for 10 min at 45 8 C. 
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7t™:r:2i transferase is use rut :r. * ,J ^o '^ays: 

(i) :c make complementary homopoiymer tails on DNA fragments which are to be 

joined (by annealing and ligation) during a cioning experiment (36); 
:(ii) to iabei the 5' ends of DNA molecules u;:ng (cr- 32 ?!nuc:eoside triphosphates. 
Problems caused by the generation of homopoiymer tails of random length can 
be avoided by the use of the nucleotide analogue i>- 32 P]cordyce?m triphosphate 
[3' deoxyadenosme 5 r triphosphate (ref. 39)]. The lack of a 3' hydroxyl group 
on cordycepin tnphosphate prevents further nucleotide additions, resulting in 
chain termination and the generation of DNA moiecuies labelled by the addition 
of a single nucleotide only. 

The labelling procedure is as follows. 

(i) To the DNA (5 pmol of 3' ends), add : ui (50 aCl) i> :: ?]corcyce?m triphosphate 
(>3000 Ci/mmol: 10 rnCL'mi). 

(ii) Add 10 pi of 5 x tailing buffer (10 mM CoCij. 1 mM D 1 1 . 0.5 M potassium 
cacodylate, pH 7.2). 

(iii) Adjust the volume to 49 ui with water and mix well. 

(iv) Add 15 units of terminal transferase (1 ui). Mix and incubate at 37 °C for 30 min. 

(v) Add an equal volume of phenol saturated with 50 mM Tris-HCI. pH 7.5. and 
mix to stop the reaction. Separate the phases by centrifugation for 5 min in a 
microcentrifuge. 

(vi) Transfer the upper (aqueous) phase to a new tube and add 0.5 volumes of 
7.5 M ammonium acetate followed by 2 volumes of ethanoi. 

(vii) Store at -70°C for 15-30 min to precipitate the DNA. 

(viii) Recover the DNA by centnfugauon and redissoive the pellet in 50 id i c buffer 
(10 mM Tris-HCI, pH 7.5, 1 mM EDTA). 

(ix) Repeat the ethanoi precipitation [steps (vi)— (viii)] but air^lry the pellet and 
dissolve it in the buffer of choice. This procedure removes most of the unincor- 
porated cordycepin. .Alternatively the DNA can be purified by chromatography 
through Sephadex G50 [Section steps (v) and (vi)J. 

The advantage of the use of terminal transferase to produce labelled* DNA probes 
is that the molecules are specifically labelled at the 3' ends only. The disadvantage, 
as for T4 polynucleotide kinase, is that the specific activicy of the final product is totally 
dependent on the specific activity of the [cr- 32 Plcordycepin tnphosphate. 

4.1.6 End-labelling the Large (Kleno^) Fragment of E.coli DMA Polymerase I 
The large (Klenow) fragment of E.coli DNA polymerase L which has the 5'-3' 
polymerase activity, can be used to 'fill in* the 3* ends of DNA fragments opposite 
naturally-occurring 5' extensions or those produced by some restriction enzymes e.g., 
BamHLHindm (38). The reaction is shown diagrammatically in figure 4 and is describ- 
ed below. 

(i) To 1 ilz of DNA in a common restriction enzyme buffer, such as 6 mM MgCl 2 , 
1 mM DTT. 50 mM NaCl. 6 mM Tris-HCI. pH 7.5. add 10 id of a mixture 
of unlabelled nucleotides (0.1 mM each). The nucleotides supplied must be 
correct for the particular 3' end to be filled in. minus the one or more labelled 
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r«« 4. Prewnnon of pnrtw uan? *e br*e (Ktaow) fragment or £ cofi DNA polynwnae L — 
lataUed snnd: ds and a ONA. doutte- and aaglMoanded DNA, respecovdy. 

nucleotides to be used. For example, to SI in RanBL V termini, which are 

CCTAG 
G 

add uniabelled dGTP, dTTP and dCTP if labeUed dATP is being used. For very 
high 'specific activity probes, omit the uniabelled nucleotides and add only 
radiolabeled dGTP, dATP. dTTP and dCTP at step (u). 

(ii) Add the a-^P-labelled nucleotide^) as aqueous soluaon(s) [2 M Ci each ( > juw 

(iii) Adjure volume to 29 jd with water. Then add I A (5 units) of the Kteao* 
fragment of DNA polymerase I. 

(iv) Incubate for 15 min at room temperature. 

(v) Remove unincorporated nucleotides by chromatography through Sephadex OOU 
(Section 4.1.2, steps (v) and (vi)|. 

The advantages of this method are: 

(a) it may be earned out directly after digesting DNA wich a restriction enzyme; 
there is no need co purify the fragment(s) 
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preoarcnon of Nucleic Acid Prooes 

(b) by adding the appropriate labelled nucieouaes. ail ihe 3' ends can be filled com- 
pletely with sketches of labeiled DNA. thus increasing the specific activity of 
the product. 

The disadvantage is that it cannot be used on DNA with 3' overhanging termini. 
Blunt ends are labeiled by the exchange of one base at the 3' OH terminus. 

£.1.7 Tne Use of Exonuclease UI to Create 5' Overhangs in DNA Molecules 
If it is necessary to end-label DNA which has bium tnds or 3' overhangs, and replace- 
ment synthesis is desired, an alternative to 74 DNA polymerase labelling (Secaon 4. 1 .3) 
is to use exonuciease IE to create recessed 3 ' ends which can then be filled in using 
either the Klenow fragment of DNA polymerase I or AMV reverse transcriptase as 
previously described (Sections 4.1.6 and 3.2, respectively). Tne reaction conditions 
for the use of exonuclease HI are as follows: 

5 mM MgCU 

10 mM 2-mercaptoethanol 

0.5-1 ug DNA 

50 mM Tris-HCl, pH 8.0 

Exonuclease HI 

Tne reacaon with any particular DNA substrate should be optimised by titration using 
1 -4 units of enzyme for 5-30 min at 37°C. 

4.2 Special Cloning Systems for High Specific Activity Radioiabelling of Nucleic 
Acids 

4.2.1 The Ml 3 Universal Probe Primer 

High specific activiry hybridisation probes can be generated using the M 13 universal 
probe primer (39). The DNA which is to be used as probe should first be cloned into 
one of the 'even' series of bacteriophage M13 vectors (e.g.. M13mp8) by standard 
techniques for cloning into piasmids (7). Do not use the 'odd" series of M13 vectors 
(e.g.. M13mp9) since this may result in the production of a labelled .probe which 
hybridises with pBR322-derived sequences. The 13-base sequence of the M13 univer- 
sal probe pnmer P'GAAATTGTTATCC 3 ') is complementary to the 5' side of the multi- 
ple cloning site of the family of Ml 3 vectors and is used to initiate synthesis of the 
(-) strand from the (-r) strand template by the Klenow fragment of E.coli DNA 
polymerase I. The synthesis of the complementary strand, which can be labelled by 
incorporation of an (a- 32 P]deoxyribonucieoode. does not proceed to completion so that 
the inserted probe sequence remains single-stranded. Tne resulting hybridisation pro- 
be, at a specific activiry of up to 5 x 10 1 d.p.m./^g. is therefore single-strand-specific 
and is used without denaturation for hybridisation analyses. The synthesis of the probe 
is shown diagrammaticaily in Figure 5. 

The conditions used for making labelled probes by this method are much simpler 
than those used in more conventional labelling methods such as nick translation. A single 
reaction requires only 2 ng or primer and 50 ng of M13 ( + ) strand template contain- 
ing the probe DNA insert" 10 pCl of [<s- u P]dNTP and one unit of the Klenow frag- 
ment of DNA polymerase I. A rypical reaction is carried out as follows: 
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3.3 Techniques for Labelling Probes 

Detailed protocols for die many techniques available for labelling nucleic acid probes 
•re *iven in Chapter 2. The following sections describe variations ot cnese techniques 
Jsed in che author s laboratory specifically co label probes for in situ hybridisation. 

;.:.[ In Vitro Transcription by £ coli RNA Polymerase 

3ocn doubie-siranded DNA and single -stranded DNA (such as VU3 clones) can be more- 
,r-!ess randomly transcribea by c. colt RNA polymerase (6). A cynical laoaling ?ro- 
yeol is given in Table L 

: 3.2 In Vhro Transcription with SP6 RNA Polymerase 

\n efficient way to obtain a single-stranded RNA probe for a known DN'A sequence 

Table 1. Preparation of L abelled Probe* using I. cw RNA Polymerase _ 

! To a microcentrifuge rube, ada: 
50 -C; : 3 H;L"T?~(50 CL mmol) 
5 nl of : mixture of I mM AT?. CT? :nd GT? 
Dry down under vacuum. 
Add to ;he dried ribonucleotides: 
5 x saits solution 1 IS. 4 ai 

0.125 M MnCIj l - 6 

l-awcaptoedanol 20 4 

Cloned DNA 1-2 
£. catf RNA polymerase I - 2 turns 

Water to 100 id rlnal volume 

Incubate at 37*C for I -2 h. . . ^ 

Add 200 ^ of 10 mM Tris-HCl, pH 7.9. and 10 ,1 DNase (i tng/mi; RNase-rree). Leave at room 

temperature tor 10— 15 nun. _ ... . . A rrx 

Spotl Mi aiiquoo onto wo nitrocellulose filters. Dry one filter. Rinse the other ui tce<old 5 - TCA 
2Ts rmn. -ash in 70% ethanol and dry. Count both On The proporaon of che 
mat is TCA-.nsoluble will vary but should be at least 10%. The incorporation is usually much tagner. 
S"o5o5mSta. 20 « ^ «* (20 mg/mi). 23 * 10% SDS. 300 ,1 phenoKhlorotorm- 
isoamylalcohol (25:24:1 by vol). Mix by vorteang (1 mm). ... 
Centrifuge and remove me top (aqueous) layer into a dean microcentrifuge tube. 
8 Add an equal volume of cWoroforra:isoamyl alcohol (24:1. v/v). 
9! Centrifuge for 5 min at 10 000 g. Remove the chloroform (bottom layer). 
10 Repeat the chloroform extraction (step 9). 
tl Add 600 id ethanol and leave at -20*C for at least I h. 

12*. Centrifuge for 25 min at 10 000 g. Discard the supernatant. _^, nare ms»CY» 

3 Dissolve the RNA pellet in disulled water that has been treated w.th diemylpyroarbonate (DEPQ ■ 
I*! BrTg to 0.3 M amrnomum acetate. Add 2.5 volumes of ethanol. Leave at -20'C for at least I h. 
Repeat steps 12 and 13. 

\l ReSeSfovtrall size of the RNA molecules to 50-150 nucleotides by lim.ted alkaline hydrolysis 

as described in Section 3.2. 
17 Recover che RNA by ethanol precipitation (steps 11 and 12), 

oSiveSe RNA in DEPCcreated water using only 15% of the volume required for che hybnd- 
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isation reaction c 



'5, Salt soluuon i. prepared by muting 4 ml of I M Tris-HCl (ph 7.9). 19 ml of I M KG, 0.6 ml of I M 

Sl'ed 0 ^e'r t^JSSk . inaenvate any conumtnat.ng f ase. The ^^XSZ 
to 0 I % final concer.trat.on and then leave at room temperature tor 12 h. R«,dual DEPC .s then destroys 

by autoclav.ng the soluuon for 15 ™n. should be dissolved in a corresoondingly smaller 

'[( the rtybndisation butter is to contain rormamide. the R.na snouia oe aissoi cu . » / 
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volume ot water 



In situ Hybridisation 



4 ui 

I id 
I al 

20 amis 
1-3 n% 
3 units 



3. 
9. 
10. 

11. 



1— ■ c;/mmol) in 3 dlspoS aoi e ?.asuc microce.ntnfuge moe. 

Dry down 30 nci t ril*- 1 1 r 
At room temperature, add: 
5 x transcription b"ff e £. ~ 
I mM each of ATP. CTP and CP 
0.20 M DTT . , c 

3ovme serum aibumin (sterne: . mg/mH 
RNasin <P:omega 3iotecm 
Coned DNA"" 3 

DE oC -treated water to 20 -A nnal volume. 
S^Ti^E'C Seated water. ,0 «ni» DNase ^ase-free: Workington, and T5 units R.W 

5t " 5 - ■ M - w«h an -oual voiume of phenoKhloroform-isoamyl alcohol C 3 :W:l oy vol. 
Extract me mixture w, » ohases by csatrifugauon. 

^cSO^yeasfJLNAas comer and J«n ad i s TabU L ste?s u and 12. 

Add :, flumes of i precipe (steps S and 9, * * 

RedissoNe ine R.NA m uc. v- u~»is- 

-»^^^ 



nucleotides u.» — , - „„ . - - 

■ 1 " . cp* nnivnwnse is given in Chapter .. Section 

•A. alternate procure ^X^TJl^a^, £ «M MgCl,, 10 mM spermine. 
*The composition ot 5x transcription bufler a u- 

«r r shelled Probes bv Mick Translation*. 
Table 3. Preparation or Ubeiiea rrooo , 



j. 

a. 
5. 
6. 



_ ■ " ~T w „f f WdATP in a plastic microcemnru*: 

Dry down 150 pmolcs of [ 3 H]TTP and 150 prooles of HldATP tn p 

Adid: I 4 

0.5 mM dGTP * 

0.5mMdCTP * 
10 x salts soluuon 

1% 2-mercaptoeihanol ^ 

Coned DNA ^ 
f^DNA polymerase I (10 unit/nil 1 »1 

Water to 10 »l f«»i «> lu ™ . , h 
Incubate the mixture at t * C for Uo - ^ ^ lQ() ^ wj|h water . 

Add 90 »g of earner DNA and adjust tn ^ ^ 

SSS^at. 



9. Resuspena ui= — - : 

" n f labelled DNA probes by nick translation .s g.ven .n Chap 

'An alternative protocol for preparation of labelled DNA p 

S — ^ of ,0 , sal's solution for n.c* Ration ts 0.5 M TrU-HO (pH ,S). 50 mM 

"The composition of 10 x »lts sotuuon ^ 



R 



1^0 



M.LPzrdue 



is to clone the sequence adjacent to a promoter of the phage SP6 (7.3). The SP6 RNA 
polymerase will onlv transcribe DNA downstream from this promoter. The end-point 
of the transcnoaon can be set bv cleaving the DNA template with an appropriate restric- 
tion enzyme. When preoanna a probe for hybridisation to cellular RNA. the promoter 
should be placed on the non-coding strand of DNA. thai is. the strand not transcnoed 
in vivo. SP6 polymerase and cloning vectors are commercially available. A typical pro- 
tocol for labelling probes using SP6 RNA polymerase is given in Table 2. 

3.3.3 Nick Transianon by E. coii DNA Polymerase I 

Radioactive nucleotides can be introduced into double-stranded DNA by nick-xuislanon 
with £. coii DNA oolvmerase I. Starting at a nick in the DNA. the enzyme removes 
nucleotides from che 5' side of the nick while adding nucleotides to the 3* side. If mis 
replacement svnthesis is earned on in the presence of radioactive precursors, the DNA 
can be labelled to a hish soeciric radioactivity (9.10). The amount or replacement syn- 
thesis is controlled, to a larse extent, by the number of nicks which provide entry ror 
che polymerase. The number of nicks depends on the amount or DNase I present in 
the 'reaction (or nicks introduced during DNA isolation). A typical protocol .s given 
in Table 3. 

3.3.4 Notes on me Specific Radioacriviry of Probes 

The specific radioactivity of probes synthesised by RNA polymerases is limited only 
by the specific activity of the nucleotide precursors. For hybridisation to clustered 
repeated DNA, to polyene chromosomes, or to an abundant RNA, a probe labelled 
with only ( 3 H1UTP (50 Ci/mmol) is sufficient. If the target of hybridisation is smaller, 
it is possible to increase the specific radioacriviry of the probe by replacing one or more 
of the other unlabeiled nucleoside triphosphates with additional 'H-labelled nucleoside 

^ThelSSfic radioactivity of DNA labelled by nick translation depends bom on- the 
aucleoadTprecursors and on the extent of replacement of ™^ D ^- ^ 
nick-translation reaction described in Table 3 gives probes labelled to about 
sTlO' cp.HL/rt using ['H1TTP (80 Ci/mmol) and PHldATP (14 Ci/mmol . Tins 
allows detection of sequences in polytene chromosomes corresponding to a typical phage 

X clone in 1 - 3 days. . . 

The amount of hybrid detected depends both on the specific actmty of the probe 
and on how many of the target sequences have bound the probe Therefore ■ * is use m 
to use the probe at a concentration that will nearly saturate the target DNA. Higner 
concentrations of probe will only contribute to the background without unpens : *e 
signal For hybridisation to polytene chromosomes and to other abundant sequencs. 
the probe is usually used at well below saturating concentrations for reasons of economy . 
With such large targets, hybrids can be detected after only a few days of autoradiograpnic 
exposure even if the DNA is not completely saturated. 

4. HYBRIDISATION TO DNA IN CYTOLOGICAL PREPARATIONS 

4 I Cytological Procedures f 

lt is not possible to design a single procedure that makes optimal preparat.ons ,rom 
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Decisions 
of the 
United States Courts 
and of the 

United States Patent and Trademark Office 

in 

Patent, Trademark, and Copyright Cases 



Court of Appeals, Eighth Circuit 

E.I. duPont de Nemours & Company 
v. Berkley & Company, Inc. 

Nos. 79-1219 and 79-1231 
Decided Feb. 13, 1980 

PATENTS 

1. Costs — In general (§25.1) 

Costs — Attorney's fees (§25.5) 

Award of fees and costs is available only 
to prevailing party. 

2. Pleading and practice in courts — Find- 

ings of fact and conclusions of law 
($3.40) 

Pleading and practice in courts — Jury 
trial — In general (§53.571) 

Jury is not required to make extensive fac- 
tual findings on question of patent invalidity 
required of judge under Fed.R.Civ.P. 52(a), 
although more detailed findings would have 
been preferable. 

3. Patentability — Utility (§51.75) 

Lack of utility means invention is in- 
capable of achieving any of aims of patent 
under any conditions. 

4. Estoppel — As to validity — In 

general (§35.151) 



Patentability — Evidence of — 
Commercial success — In general 
(§51.4551) 

Patentability — Evidence of — In- 
fringement (§51.463) 

Patentability — Utility (§51.75) 

Presumption from patent grant — In 
general (§55.1) 

One who appropriates teachings of patent 
may not deny utility of invention; accused 
infringer's admission that its device fell 
within scope of patent's claims is admission 
of utilitv in invention there claimed, and it is 
thereby estopped from asserting that those 
claims are invalid for lack of utility; 
presumption of utility is strengthened when 
invention is copied and becomes commercial 
success. 

5. Patentability — Evidence of — 
Commercial success — In general 
(§51.4551) 

Patentability — Evidence of — In- 
fringement (§51.463) 

Patentability — Utility (§51.75) 

Presumption from patent grant — In 
general (§55.1) 

Presumption of utility created by issuance 
of patent is strengthened when others have 
copied invention and it has achieved com- 
mercial success. 
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6. Construction of specification and 
claims — Claim defines invention 
(§22.30) 

Claims measure invention, but invention 
must be viewed as a whole; claims must be 
read in their entirety. 

7. Operability (§48) 

Patentability — Utility (§51.7^) 

Pleading and practice in courts — 
Burden of proof — Validity 
(§53.138) 

Small degree of utility is sufficient; claim- 
ed invention must only be capable of perfor- 
ming some beneficial function; perfection 
under all conditions is not required, whether 
patent does or does not suggest that inven- 
tion is imperfect or inoperable under certain 
conditions; inventions does not lack utility 
merely because particular embodiment dis- 
closed in patent lacks perfection or performs 
crudely; commercially successful product is 
not required, nor is it essential that inven- 
tion accomplish all its intended functions or 
operate under all conditions, partial success 
being sufficient to demonstrate patentable 
utility; defense of non-utility cannot be 
sustained without proof of total incapacity; 
proof of inoperativeness or non-utility must 
be strong, every reasonable doubt being 
resolved in favor of patentee. 

8. Patentability — Utility (§51.75) 

Pleading and practice in courts — Jury 
trial — In general (§53.751) 

Submission to jury, for any purpose, of 
issue of whether patent was invalid for lack 
of utility, which should not have gone to 
jury, but should have been decided in patent 
owner's favor as matter of law, was pre- 
judicial error. 

9. Patentability — Anticipation — Prior 

knowledge, use or sale (§51.223) 

Pleading and practice in courts — 
Burden of proof — In general 
(§53.131) 

Use and sale — Character of evidence to 
prove (§69.3) 

Patent is invalid under 35 U.S.C 102(a) 
or 102(b) if claimed invention was known or 
used by others in this country prior to 
patentee's invention, or was in public use or 
on sale in this country more than one year 
before patent application was filed; burden 
of proof of prior use is satisfied only by 
evidence clear, cogent, and convincing. 



10. Evidence — Weight and credibility 

(§36.40) 

Use and sale — Character of evidence 
to prove (§69.3) 

More widespread view is that unsup- 
ported oral testimony of prior use can be 
sufficient, but must be regarded with suspi- 
cion and subjected to close scrutiny; delay 
between event and trial, witness 1 interest, 
contradiction or impeachment, corrobora- 
tion, witness' familiarity with details of 
alleged prior structure, improbability of 
prior use considering state of art, impact of 
invention on industry, and relationship 
between witness and alleged prior user, are 
factors considered in determining sufficien- 
cy of oral testimony. 

11. Evidence — Weight and credibility 

(§36.40) 

Patentability — Anticipation — Prior 
knowledge, use or sale (§51.223) 

Pleading and practice in courts — Jury 
trial _ In general (§53.571) 

Uncorroborated oral testimony concer- 
ning events of long ago, contradicted by 
alleged prior user himself and by un- 
challenged results of scientific tests, had in- 
sufficient probative value to make out case of 
prior use that jury could have found clear 
and convincing. 

12. Patentability — Invention — In 

general (§51.501) 
Patentability — Tests of — In general 
(§51.701) 

Determination of obviousness issue is 
governed by principles articulated by 
Supreme Court in Graham v. John Deere 
Co., 148 USPQ 459. 

13. Courts of Appeals — Issues deter- 
mined (§29.10) 

Patentability — Invention — In 
general (§51.501) 

Ultimate question of obviousness is sub- 
ject to evaluation on appeal; sounder 
procedure is for initial obviousness deter- 
mination to be made by trial court. 

14. Patentability — Invention — Law or 

fact question (§51.507) 

Pleading and practice in courts — 
Jury trial — In general (53.751) 

Obviousness-nonobviousness conclusion 
rests on factual inquiries to be resolved in 
first instance by jury injury trial. 

15. Evidence — In general (§36.01) 

It would be unjust, unfair, and unjudicial to 
ignore any unforbidden evidence relative to ob- 
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viousness-nonobviousness question. 

16. Patentability — Invention — In 

general (§51.501) 

Pleading and practice in courts — 
Trial (§53.80) 

Parties are entitled to consideration in 
first instance of all facts touching on ob- 
viousness issue, by factfinder who sees and 
hears witnesses. 

17. Patentability — Anticipation — In 

general (§51.201) 

Patentability — Anticipation — Prior 
knowledge, use or sale (§51.223) 

Use and sale — In general (§69.1) 

Prior use or sale constitutes "prior art" 
only if it occurs in this country. 

18. Patentability — Anticipation — In 

general (§51.201) 

Patentability — Evidence of — State of 
art (§51.467) 

Patentability — Tests of — Skill of art 
(§51.707) 

Pleading and practice in courts — Jury 
trial — In general (§53.571) 

Instruction that jury consider foreign 
product "solely as it bears on the state of the 
art and as it relates to the ultimate question 
of obviousness" supplied no guidance from 
which jury could be expected to have dis- 
tinguished foreign product from prior art 
and, considered as whole, was thus mis- 
leading and erroneous; possibility of jury- 
confusing evidence admitted to show "state 
of the art" or "skill in the art" with other 
evidence admitted to show "prior art " 
weighs heavily against use of cautionary in- 
struction phrased in terms employed here. 

19. Patentability — Evidence of — Solu- 

tion by several parties (§51.465) 

Patentability — Invention — In 
general (§51.501) 

Pleading and practice in courts — Jury 
trial — In general (§53.571) 

Similarity between contemporaneous in- 
vention and prior ajt dictates that evidence 
of former be cautiously admitted in jury 
trial, and trial judge must carefully instruct 
jury that such evidence is merely one possi- 
ble indicium of obviousness; same paten- 
table invention may be contemporaneously 
made by more than one inventor, and fact 
that invention was contemporaneously 



made elsewhere may or may not, in light of 
all circumstances, be some indication that 
invention would have been obvious to one of 
ordinary skill in art. 

20. Interference — In general (§41.01) 

Patent grant — Intent of patent laws 
(§50.15) 

Patentability — Evidence of — Solu- 
tion by several parties (§51.465) 

35 ILS.C. 135, establishing interferences 
in Patent and Trademark Office, is entirely 
premised on concept that same nonobvious 
invention may be contemporaneously made 
by plurality of inventors; congressional 
mandate, and priority status given in in- 
terferences to first-to-file patent application, 
accord with Constitutional purpose of pa- 
tent system, which is, to encourage public 
disclosure of inventions in this country. 

21. Pleading and practice in courts — 

Burden of proof — Validity 
(§53.138) 

Presumption from patent grant — Pa- 
tent Office consideration of prior art 
(§55.5) 

Patent is presumed valid under 35 U.S.C. 
282 and burden of establishing invalidity 
rests on party asserting it; statutory 
presumption of validity flows from con- 
gressional assumption that Patent and 
Trademark Office properly performs its ad- 
ministrative functions; mandate of section 
282 is twofold, requiring that party asserting 
invalidity bear not only presumption — 
generated burden of going forward with 
proof but also burden of persuasion on that 
issue; latter burden remains upon party 
asserting invalidity whether relevant prior 
art was or was not considered by examiner 
during prosecution of patent application; 
presumption is not conclusive and can be 
rebutted by proof that Patent and 
Trademark Office erred; presumption is ful- 
ly rebutted only when party asserting in- 
validity meets burden of persuasion, that is, 
relies on evidence that does in truth render 
claimed invention invalid, though rebuttal 
may be easier when prior art relied on is 
more relevant than that considered by ex- 
aminer; court or jury is not precluded from 
being convinced that patent should have 
been refused in view of reference cited or 
assumedly considered, and presumption of 
validity is not limited to those references ac- 
tually cited by examiner. 

22. Construction of specification and 

claims — By Patent Office 
proceedings — In general (§22.151) 
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Pleading and practice in Patent Office 

— In general (§54.1) 

Pleading and practice in Patent Office 

— Rules effect (§54.9) 

Presumption from patent grant — Pa- 
tent Office consideration of prior art 
(§55.5) 

Function of Patent and Trademark Office 
entails thorough scrutiny of prior art 
references; rules of practice requires ex- 
aminer to cite only what he considers "best 
references"; file wrapper, or prosecution 
history, of patent application lists references 
cited against application and classes and 
subclasses of references inspected by ex- 
aminer; examiner's search record is prima 
facie evidence that he considered all 
references classified in classes and sub- 
classes searched and that he left uncited 
those he regarded as less relevant than those 
cited; contrary view would destroy 
presumption of administrative regularity on 
which presumption of validity rests. 

23. Pleading and practice in courts — 
Jury trial — In general (§53.571) 

Presumption from patent grant — Pa- 
tent Office consideration of prior art 
(§55.5) 

Congress, in enacting presumption of 
validity, chose to assume prima facie that 
oversight of relevant prior art did not occur; 
it is improper to conclude that references 
classified in areas searched by examiner, but 
not specifically cited by him, were not con- 
sidered; trial court's instruction that 
"presumption does not extend or exist as to 
prior art patents or publications which do 
not appear from record of file wrapper, " left 
jury unappraised of full extent of statutory 
presumption of validity. 

24. Pleading and practice in courts — 

Jury trial — In general (§53.571) 

Presumption from patent grant — Pa- 
tent Office consideration of prior art 
(§55.5) 

Refusal of trial court to give requested in- 
struction that "it is also assumed that the 
examiner reviewed the prior art which was 
in the files which he searched during the 
prosecution of the application for the 
patent" together with instruction that 
"presumption does not extend or exist as to 
prior art patents or publications which do 
not , appear from the record of the file 
wrapper" left jury unappraised of full extent 
of statutory presumption of patent validity, 
and, while instructions must be considered 



in their entireties, court's reference in same 
sentence of instruction to patents that "had 
not been considered ... if they are more 
pertinent than those considered" could not 
cure potential for jury's misdirection. 

25. Defenses — In general (§30.01) 

Evidence — Expert testimony (§36.10) 

Fact that accused infringer's expert took 
certain view of scientific report at trial does 
not establish gross negligence in patent 
owner's failure to take same view before or 
after trial. 

26. Defenses — In general (§30.01) 

Pleading and practice in courts — Jury 
tr ; a l _ In general (§53.571) 

Notion that patent owner could be found 
guilty of gross negligence in accepting its pa- 
tent and exercising its legal right to seek 
legal enforcement in courts, for failure to an- 
ticipate jury verdict of invalidity is meritless. 

27. Evidence — In general (§36.01) 

Pleading and practice in courts — Jury 
trial — In general (§53.571) 

Recognition that infringement suit may 
not succeed simply reflects realistic 
awareness of historically low percentage of 
patents held valid in litigation; potential for 
jury misconstruction of exhibits reflecting 
internal consideration of cost versus bring- 
ing suit, which is legitimate consideration 
for any patentee to engage in, would have 
been unacceptably prejudicial. 

PATENTS 

28. Misuse of patents — In general 

(§45.01) 

Misuse of patents — Threats to sue 
(§45.55) 
UNFAIR COMPETITION 

Antitrust laws (§68.15) 

Every good faith effort to enforce patent 
involves legitimate anticompetitive intent, by 
definition; if patent be valid, competition in- 
volves product that by definition did not ex- 
ist before inventor contributed it to 
marketplace, and enforcement of patent 
takes nothing from public, and nothing from 
infringer to which it had any right; there is 
no legal obligation of patentees to withhold 
suit until infringer is well along in its in- 
fringement. 

UNFAIR COMPETITION 

29. Antitrust laws (§68.15) 

There is no merit to argument that en- 
forcement of patent with anticompetitive in- 
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tent would alone support antitrust claim, 34. Defense — Unclean hands (§30.25) 
even if patent owner had no actual 
knowledge of invalidity and was not guilty of 
gross negligence in failing to determine in- 
validity. 



30. Antitrust laws (§68.15) 

Antitrust counterclaim may not be based 
on "inequitable conduct"; enforcement of 
patent procured by fraud on Patent and 
Trademark Office may violate Sherman Act 
Section 2 if other elements necessary to Sec- 
tion 2 case are present; it is not as much 
violation of Sherman Act for patent owner to 
enforce "unenforceable" patent against 
potential competitors as it is to enforce "in- 
valid" patent. 

PATENTS 

31. Defenses — Fraud (§30.05) 
UNFAIR COMPETITION 

Antitrust laws (§68.15) 

Patent procured by fraud, by definition, 
would not have issued but for misrepresen- 
tation or non-disclosure; such patent is in- 
valid as improperly issued, and patentee has 
illegally received exclusionary rights he 
would not otherwise have, so that severe 
sanctions of Sherman Act may be 
warranted; patent that was not procured 
through non-disclosure would properly 
issue and patentee would receive no ex- 
clusionary rights to which he was not legally 
entitled under patent laws, and no basis 
would exist for charge of illegal monopoliza- 
tion or attempt to monopolize. 

UNFAIR COMPETITION 

32. Antitrust laws (§68.15) 

Inequitable conduct combined with an- 
ticompetitive intent in bringing suit on pa- 
tent is insufficient basis for antitrust cause of 
action; exhibits that focus exclusively on 
events occurring after issuance of patent 
bear no relation to patentee's conduct before 
Patent and Trademark Office, and cannot 
bootstrap non-fraudulent conduct, not 
otherwise actionable under antitrust laws, 
into more egregious type conduct of Walker 
Process Equipment, Inc. v. Food Machinery 
& Chemical Corp., 147 USPQ 404. 

33. Defenses — Unclean hands (§30.25) 

Pleading and practice in courts — Jury 
trial — In general (§53.571) 

Absent ruling that evidence was insuf- 
ficient, or more prejudicial than probative, 
instruction on inequitable conduct as 
defense of non-enforceability would be 
proper. 



Pleading and practice in courts — In 

general (§53.01) 
Expressly pled fraud allegation that 
differed from inequitable conduct theory 
only in degree of materiality of information 
allegedly withheld from Patent Office, plac- 
ed patent owner on notice of type of conduct 
that would be litigated, which is all that is 
required. 

PATENTS 

35. Defenses — Unclean hands (§30.25) 

Inequitable conduct short of fraud can be 
defense in patent infringement suit; to make 
out case of inequitable conduct, accused in- 
fringer must prove, by clear, unequivocal, 
and convincing evidence, that patentee's 
conduct made it impossible for Patent and 
Trademark Office to fairly assess patent 
application against prevailing statutory 
criteria, and that it involved some element of 
wrongfulness, wilfulness, or bad faith; inno- 
cent or negligent misrepresenration or non- 
disclosure of irrelevant information does not 
amount to inequitable conduct, whether or 
not intentional. 

36. Attorneys — Propriety of conduct 

(§17.7) 

Defenses — Fraud (§30.05) 

Accused infringer in complex litigation 
should not be permitted to sidestep main 
issues by nit-picking patent file in every 
minute respect with effect of trying patentee 
personally, rather than patent; patentee's 
oversights are easily magnified out of 
proportion by one accused of infringement 
seeking to escape reach of patent by hostile- 
ly combing inventor's files in liberal pretrial 
discovery proceedings; unjustified damage 
to professional and social reputations can 
result, without fostering any corresponding 
public benefit in form of inhibiting future 
improvident grants of patent monopolies. 

37. Defenses — Fraud (§30.05) 

Defenses — Unclean hands (§30.25) 

Pleading and practice in courts — Jury 
trial — In general (§53.571) 

Accused infringer has right to jury deter- 
mination of whether information not dis- 
closed to Patent and Trademark Office by 
patentee was sufficiently relevant to meet in- 
equitable conduct standard of materiality 
but not sufficiently relevant to meet fraud 
standard of materiality; whether informa- 
tion not disclosed was irrelevant or less rele- 
vant than that which was disclosed, and 
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iosence of evidence of bad faith, are matters 
;-r trial court in first instance or for jury 
blowing proper instructions, federal dis- 
-rict court properly responded to jury's in- 
ruiry as to whether fraud finding would 
: open the door for a fraud case" against pa- 
-ent owner by stating that jury should ig- 
r.ore consequences of its findings. 

Particular patents — Fishing Line 

3.063,189, Keller, Fishing Line, holding 
M invalidity vacated. 



Appeal from District Court for Northern 
District of Iowa, McManus, ChJ.; 204 
USPQ 594. 

Action by E. I. duPont de Nemours & 
Company, against Berkley & Company, 
Inc., for patent infringement, in which 
defendant counterclaims for antitrust 
violations. From judgment holding plain- 
tiff's patent invalid, dismissing 
counterclaim, and denying defendant's mo- 
tion for attorney's fees and costs, both par- 
ties appeal. Reversed in part. 

fohn O. Tramontine, and Fish & Neave, 
both of New York, N.Y. (Charles R. 
Wolle, and Shull, Marshall & Marks, 
both of Sioux City, Iowa, and Robert C. 
Morgan and Christopher K. Hu, both of 
New York, N.Y., on the brief) for E. I. 
duPont de Nemours & Company. 

Dennis W. Johnson and David W. Belin, 
both of Des Moines, Iowa (Orrin M. 
Haugen, Thomas Nikolai, and Haugen & 
Nikolai, both of Minneapolis, Minn., 
Belin, Harris, Helmick & Lovrien, Des 
Moines, Iowa, and William J. Rawlings, 
and Kindig, Beebe, McCluhan, Rawlings 
& Nieland, both of Sioux City, Iowa, on 
the brief) for Berkley & Company, Inc. 

Before Bright, and Henley, Circuit Judges, 
and Markey, Chief Judge*. 
Markey, Chief Judge. 

[1] £. I. du Pont de Nemours & Com- 
pany (DuPont) appeals from a judgment 
holding invalid its United States patent No. 
3,063,189 (DuPont patent). Berkley & 
Company, Inc. (Berkley) appeals the dis- 
missal of its antitrust counterclaim and 
denial of its motion for attorney's fees and 
costs. We reverse the judgment of invalidity, 
remand for a new trial on that issue, and af- 
firm the dismissal of the counterclaim. 1 



* The Honorable Howard T. Markey, Chief 
Judge, United States Court of Customs and Pa- 
tent Appeals, sitting by designation. 

1 An award of fees and costs being available 
only to a prevailing party, 35 U.S.C. §285 (1976); 



Background 

The patent in suit, like most patents, dis- 
closes a proposed solution for a problem. 
When colored fishing lines are used, to 
enable the fisherman to see them above 
water, the lines are thought to be visible un- 
derwater to the fish. 2 When transparent 
lines are used, to limit visibility to fish, the 
fisherman can't see the lines resulting in 
tangled lines when several are used from one 
boat. 

The solution proposed by Ed Keller, 
Du Pont's employee, was a fishing line con- 
taining fluorescent dye. The dye would be 
activated, i.e., the line would glow, in 
response to the ultraviolet component of 
daylight, making it "visible above water." 
At the same time, because water would ab- 
sorb the dye-activating ultraviolet compo- 
nent of daylight, the line would be "relative- 
ly invisible" below the water. Thus one line 
would have the characteristics of high 
visibility above water and low visibility 
below water. Keller filed a U.S. patent 
application on January 2, 1962. DuPont in- 
troduced its fluorescent dyed line to the 
marketplace in August, 1962. The DuPont 
patent issued on November 13, 1962 3 to Du- 
Pont, Keller's assignee. 

In November 1962, Berkley began making 
and selling a fluorescent fishing line, but 
ceased in 1963 when DuPont gave notice of 
infringement. Berkley's subsequent efforts 
to produce a "High Visibility" line that 
would not infringe were unsuccessful, its use 
of anthanilic acid producing a line half as 
bright as DuPont's. In December 1974, after 
unproductive licensing discussions with Du- 
Pont, Berkley again began making and sell- 
ing a fluorescent fishing line. 

On August 1, 1975, DuPont sued Berkley 
for willful infringement of claims 1, 2, 5, 6 
and 8 of the DuPont patent. Berkley denied 
infringement throughout a three-year dis- 
covery period, asserting that its line con- 
tained an "optical brightener" in place of 
fluorescent dye. Two weeks before trial, 
Berkley admitted that claims 2, 5 and 6, if 
valid, were infringed by its product. DuPont 
thereupon deleted claims 1 and 8 from its 
charge of infringement. 

For its defense, Berkley alleged (1) that 
the DuPont patent was invalid for lack of 



Fed. R. Civ. P. 54(d), consideration of Berkley's 
claim of error in denial of its attorney's fees and 
costs in defending the infringement suit is 
premature. Berkley may renew its claim for at- 
torneys fees and costs if it prevails on retrial. 

2 The record is silent on how and what fish see. 

3 The patent expired on November 13, 1979. 
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utility, novelty and nonobviousness, and (2) 
that the patent was rendered invalid by 
I)u Font's fraudulent conduct before the 
U.S. Patent and Trademark Office (PTO). 

For its counterclaim, Berkley alleged that 
DuPont violated Section 2 of the Sherman 
Act by procuring the patent through fraud 
and by attempting to enforce the patent 
with knowledge of its invalidity. 4 

Over Berkley's objection, the trial court 
ordered a bifurcated trial, the first part to 
include the allegations that DuPont ob- 
tained the patent by fraud and enforced it 
believing it invalid. The second part, on the 
remaining elements of the antitrust claim, 
would be held if the jury found for Berkley 
on fraud or enforcement. 

[2] Following a three-week trial, the jury 
returned a general verdict for Berkley on 
DuPont's infringement claim. The jury 
answered these, and only these, special in- 
terrogatories 

Q: Did plaintiff obtain the * * * [Du- 
Pont] patent from the Patent Office by 
fraud? 

A: No. 

Q: Did plaintiff assert its patent against 

Berkley knowing that it was invalid? 
A: No. 

Q: Did you find for defendant solely 

because the patent was obvious? 
A: No. 

The court entered judgment, holding the 
DuPont patent invalid and dismissing the 



4 Berkley mistakenly says it filed its 
counterclaim "promptly" upon discovering the 
bases therefore. AN of those bases were known to 
it at least 18 months before it filed its 
counterclaim. The magistrate described 
timeliness of the filing as "extremely tenuous." 

* The court refused DuPont's request for 
specific interrogatories requiring the jury's 
grounds for its verdict of invalidity. Though 
detailed jury findings would have been preferable, 
and might have avoided a retrial in this case, the 
refusal was not itself reversible error. A jury is not 
required to make the extensive factual findings 
required of a judge under Fed. R. Civ. P. 52(a). 
Panther Pumps & Equipment Co. v. Hydrocraft, 
Inc., 468 F.2d 225, 227-28, 175 USPQ 577, 
578-580 (7th Cir. 1972), cert, denied, 411 US. 
965, 177 USPQ 545 (1973). 

Whatever the considerations and concerns in- 
volved in current discussions of juries in complex 
litigation, use of interrogatories and special ver- 
dicts, from which the parties and an appellate 
court may glean the basis for the verdict, would 
appear to alleviate at least some of those concerns 
in some cases. The trial court's denial of DuPont's 
request for special verdicts in this case, for exam- 
ple, has forced this court to review every possible 
oasis for the jury's verdict. 
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complaint and counterclaim. Both parties 
filed, and the court denied, motions for 
judgment notwithstanding the verdict or for 
a new trial. 

Issues 

Embittered in battle below, the parties 
request this court to resolve over 25 issues 
and subissues. The trial court is directly 
charged with 1 1 reversible errors. Couched 
in accusatory and turgid terminology, the 
briefs set forth numerous bits and pieces of 
conflicting testimony and documentary 
evidence, from which we are asked to draw a 
plethora of factual inferences. The effect is 
neither a prejudicing of this court, against 
either side, nor a simplifying clarification. 
The result is a necessarily extended opinion, 
based on a searching review of an entire 
4000 page record, and in which the issues 
treated will appear in section headings/' 

Opinion 

/. Validity 
A. Requirement for Retrial 

Absent error affecting the substantial 
rights of the parties, neither reversal nor a 
new trial is required. 28 U.S.C. §2111 
(1976); Fed. R. Civ. P. 61. 7 When the error 



6 The briefs contain repeated charges and 
countercharges of factual misstatements, each 
requiring resolution. An example of unnecessary 
burden-making is a mischaracterization and mis- 
quote of a prior Court opinion, followed not by a 
phone call and immediate scratching of the quote, 
but by a strong attack, an apology and explana- 
tion, an attack on the explanation, and final asser- 
tion that the source is unknown. The limit-lines of 
zeal are not always clear, but the judicial process 
is not aided by unnecessary forays into causes of 
carelessness. 

' 28 U.S.C. §2111 (1976) provides: 

§2111. Harmless error 
On the hearing of any appeal or writ of cer- 
tiorari in any case, the court shall give judg- 
ment after an examination of the record 
without regard to errors or defects which do not 
affect the substantial rights of the parties. 

Fed. R. Civ. P. 61 provides: 
Rule 61. Harmless Error 
No error in either the admission or the exclu- 
sion of evidence and no error or defect in any 
ruling or order or in anything done or omitted 
by the court or by any of the parties is ground 
for granting a new trial or for setting aside a 
verdict or for vacating, modifying, or otherwise 
disturbing a judgment or order, unless refusal 
to take such action appears to the court incon- 
sistent with substantial justice. The court at 
every stage of the proceeding must disregard 
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misled the jury or had a probable effect on 
its verdict, reversal and a new trial are ap- 
propriate. International Merger & Acquisi- 
tion Consultants, Inc. v. Armac Enterprises, 
Inc., 531 F.2d 821, 823 (7th Cir. 1976); 
Conway v. Chemical Leaman Tank Lines. 
Inc., 525 R2d 927, 929-30 (5th Cir. 1976); 
Hoffman v. Sterling Drug, Inc., 485 F.2d 
132, 140 (3d Cir. 1973); See Kotteakos v. 
United States, 328 U.S. 750, 764-65 (1946). 

Respecting the issue of patent validity un- 
der the statute, the court asked the jury to 
state only whether it found for Berkley 
"solely" on obviousness. The jury's "No" 
answer means that there were six possible 
bases for its verdict: (1) the invention would 
have been obvious and was lacking in utility, 
(2) the invention would have been obvious 
and was lacking in novelty, (3) the invention 
would have been obvious and was lacking in 
both utility and novelty, (4) the invention 
would not have been obvious but was lacking 
in utility, (5) the invention would not have 
been obvious, but was lacking in novelty, or 
(6) the invention would not have been ob- 
vious, but was lacking in novelty and utility. 

If one or more substantial grounds for the 
verdict presented no jury question and 
should have been decided as a matter of law 
in DuPont's favor, reversal and a new trial 
are required, notwithstanding the presence 
of other grounds that could have supported 
the verdict. Morrissey v. National Maritime 
Union, 544 F.2d 19, 26-27 (2d Cir. 1976); 
Albergo v. Reading Co., 372 F.2d 83, 85-86 
(3d Cir. 1966), cert, denied, 386 U.S. 983 
(1967); Fatovic v. Nederlandsch- 
Ameridaansche Stoomvaart, 275 F.2d 
188, 190 (2d Cir. 1960); North Ameri- 
can Graphite Corp. v. Allan, 184 F.2d 
387, 389 (D.C. Cir. 1950); Traveler's In- 
surance Co. v. Wilkes, 76 F.2d 701, 705 (5th 
Cir.), cert, denied, 296 U.S. 604 (1935); 
Patton v. Wells, 121 F. 337, 340 (8th Cir. 
1903). See also, Sunkist v. Winckler & 
Smith Co., 370 U.S. 19, 29-30 (1962) 
(erroneous instruction); United Pilots Ass'n 
v. Halecki, 358 U.S. 613, 619 (1959) (failure 
to submit jury question); Maryland v. 
Baldwin, 112 U.S. 490, 493 (1884) (admis- 
sion of evidence). The utility issue presented 
no jury question and should have been 
decided as a matter of law in DuPont 's 
favor. Its submission to the jury, in the cir- 
cumstances of this case, requires a retrial of 
the validity issue. 8 



any error or defect in the proceeding which 
does not affect the substantial rights of the par- 
ties. 

* A new trial will not result where it is 
reasonably certain that the jury was not 
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Berkley concentrated its briefs and oral 
argument on non-utility, fraud, knowing en- 
forcement of an invalid patent, gross 
negligence, inequitable conduct, and an- 
ticompetitive intent, believing, says Berkley, 
that that evidence shows the patent invalid. 
Having viewed all of the evidence on validity 
most favorably to Berkley, and having given 
Berkley the benefit of every reasonable in- 
ference, Davis v. Burlington Northern, Inc., 
541 F.2d 182, 186 (8th Cir.), cert, denied, 
429 U.S. 1002 (1976), we cannot say on this 
record, and in view of the errors occurring 
below, that Berkley carried its burden of 
proving the DuPont patent invalid. 9 DuPont 
argues for a judgment that its patent is 
valid. For the reasons discussed infra, we 
decline to enter that judgment on this 
appeal. To avoid a potential miscarriage of 
justice, Firemans Fund Insurance Co. v. 
Aalco Wrecking Co., Inc., 466 F.2d 179, 187 
(8th Cir. 1972). we remand for retrial of the 
validity issue. 

B. Utility 

[3] Though the trial court instructed the 
jury that an invention must "operate or 
function in the manner claimed," and also 
that an invention "need not work perfectly 
in order to be useful," the treatment of the 
utility issue at trial, beyond any error in in- 
structions thereon, 1 " was fatally flawed. 

The complaint originally asserted in- 
fringement of five claims: 

1. A fishing line, formed of a synthetic 
plastic material, which is oriented at least 
to a point such that a stretching of 100% 
would cause the line to break, which line 



significantly influenced by issues erroneously sub- 
mitted to it. See Gardner v. General Motors 
Corp., 507 F.2d 525, 529 (10th Cir. 1974); 
Collum v. Butler, 421 F.2d 1257, 1260 (7th Cir. 
1970); Roginsky v. Richardson-Merrell, Inc., 378 
F.2d 832, 837-38 (2d Cir. 1967). For the reasons 
set forth in the text, no such reasonable certainty 
is possible here. 

9 In objecting to DuPont's request for in- 
terrogatories requiring the jury to state the basis 
of its verdict, counsel for Berkley stated "It is 
Berkley's problem to support the verdict in the 
Court of Appeals, and if there is an erroneous ex- 
ample as to any aspect of the case, that's going to 
be Berkley's problem. If there is no evidence on 
some part of the case that went to the jury, that 
will be Berkley's problem." 

10 DuPont's requested instruction, i.e., that 
lack of utility means the invention is "incapable of 
achieving any of the aims of the patent under any 
conditions," expresses the legal test for utility 
more clearly and precisely than that given by the 
trial court. Infra note 17. 
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contains a fluorescent dyestuff. which 
glows on being exposed to ultraviolet 
light, and which rapidly ceases to glow 
upon removal of ultraviolet light. 
2. An oriented polyamide. monofilament 
fishing line containing a fluorescent 
dyestuff which glows when exposed to ul- 
traviolet light, which line has been 
stretched from 4 to 6 times its original 
length. 

5. The fishing line of claim 2 in which the 
fluorescent dyestufT is present in from 0.05 
to 0.5 wt. percent of the fishing line and is 
intimately mixed throughout the 
thickness of the said fishing line. 

6. The fishing line of claim 5 in which the 
polyamide contains polymerized 
caprolactam. 

8. The fishing line of claim 1 in which the 
dyestuff is distributed throughout the 
plastic. 

[4] It is axiomatic that "one who ap- 
propriates the teachings of a patent may not 
deny the utility of the invention." Tapco 
Products Co. v. Van Mark Products Corp., 
446 F.2d 420, 428, 170 USPQ550, 555-556 
(6th Cir.), cert, denied, 404 U.S. 986, 172 
USPQ 1 0971); Monogram Manufacturing 
Co. v Glemby, 136 F.2d 961, 963, 58 USPQ 
443 445-446 (2d Cir.), cert, denied, 320 
U.S. 778, 59 USPQ 495 (1943); Kansas City 
Southern Railway v. Silica Products Co., 48 
F.2d 503, 505, 8 USPQ 476, 477-478 (8th 
Cir.), cert, denied, 284 U.S. 626 (1931). 
Hence, the first flaw was the failure to 
recognize that Berkley's admission, that its 
fishing line fell within the scope of claims 2, 
5 and 6, is an admission of utility in the in- 
vention there claimed and that Berkley, as 
an infringer, was thereby estopped from 
asserting that those claims are invalid for 
lack of utility. 11 

[5] The second flaw was the failure to 
recognize that the presumption of utility 
created by issuance of the patent, 35 U.S.C. 
§282, Dashiell v. Grosvenon 162 U.S. 425, 
432 (1896); Strong-Scott Manufacturing 
Co. v. Weller, 112 F.2d 389, 394, 45 USPQ 
675, 679-680 (8th Cir. 1940); Metropolitan 
Engineering Co. v. Coe, 78 F.2d 199, 201, 25 
USPQ 216, 217-218 (D.C. Cir. 1935); 



Superior Hay Stacker Manufacturing Co. v. 
Dain Manufacturing Co., 208 F. 549, 557 
(8th Cir. 1913), is strengthened when 
others, as Berkley did here, have copied the 
invention, Superior Hay Stacker Manufac- 
turing Co. v. Dain Manufacturing Co., id. at 
557, and when, as it did here in both 
DuPont's and Berkley's hands, the inven- 
tion has achieved commercial success, 
Western Electric Co. v. LaRue, 139 U.S. 
601, 608 (1891); Continental Can Co. v. 
Anchor Hocking Glass Corp., 362 F.2d 123, 
124, 150 USPQ 1, 2 (7th Cir. 1966); Pan- 
duit Corp. v. Stahlin Bros. Fibre Works, 
Inc., 298 F.Supp. 435, 442, 162 USPQ 114, 
121 (W.D. Mich. 1969), afTd, 430 F.2d 221, 
166 USPQ 524 (6th Cir. 1970), cert, denied, 
401 U.S. 939, 168 USPQ 673 (1971). 

Berkley, for the first time on appeal, says 
its non-utility position relates to the "ceases 
to glow" language of withdrawn claims 1 
and 8. 12 The evidence respecting utility was 
insufficient, however, for any purpose. 

The assertion of non-utility rests on the 
limited excitability of fluorescent dyes by 
the "visible" component of sunlight; hence, 
says Berkley, DuPont's line does not entirely 
cease to glow as long as visible light is pre- 
sent. Berkley then defines relative invisibili- 
ty under water as less visibility than non- 
fluorescent line, and says DuPont's line 
fails that objective because sufficient visible 
light penetrates clear water to excite the 
fluorescent dye in the line. 1 * 

Berkley introduced photographs taken in 
clear water (the Crystal River and the Ber- 
muda Triangle), and purportedly showing 
DuPont's line more visible than non-fluores- 
cent lines at depths as great as 100 feet, 14 
along with narrated movies of similar 
scenes. Berkley's witness Lau said DuPont's 



" DuPont brought the fact of estoppel to the 
trial court's attention in a pretrial submission of 
proposed instructions. Berkley's briefs make no 
reference to the rule of law estopping an admitted 
infringer from asserting non-utility, or the rule of 
a strengthened presumption of utility when the 
invention is copied and becomes a commercial 
success. . 



,: Claims 1 and 8 were present below on a 
theory that their prosecution involved fraud on 
the PTO. The distinction from claims charged to 
have been infringed was not, however, made clear 
by the parties at trial. ^ 

11 Berkley does not challenge the patent s 
assertion that the fluorescent-dyed line is more 
visible above water, i.e., to the fisherman, than is 
transparent line. Though Berkley argues that Du- 
Pont must be held strictly to the language of the 
claims in relation to prior art, it relies on its inter- 
pretation of the specification for its argument that 
the invention fails to meet Keller's objectives and 
thus lacks utility. 

14 DuPont challenges the evidence, pointing to 
the treatment of the fluorescent line during 
manufacture, giving it a milky appearance and 
making it more visible than the untreated "con- 
trol" line, even when it is not fluorescing, as con- 
ceded in court by Berkley's patent expert. 
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line "glows all the way down to the bottom. 
* * * It glows like a light bulb." Roberts 
said the DuPont line was visible un- 
derwater.^ 

DuPont countered with the Johnson 
report, comparing the relative visibility of 
DuPont's fluorescent line and a similar but 
non-fluorescent nylon monofilament line in 
six different types of water, and with 
witnesses Shields and Cullerton, who said 
DuPont's line lost fluorescence inches below 
the surface of Lake McBride. Johnson's tests 
showed that the depth at which fluorescent 
and non-fluorescent lines appear identical 
varies from 7" for turbid seawater to more 
than 400" for distilled water. Dr. Johnson 
testified that his test results were consistent 
with the visibility language in the DuPont 
patent, which nowhere asserts that the sub- 
merged line is less visible than some other 
line. DuPont also introduced the McNally 
report, stating that DuPont's fluorescent 
line and a nonfluorescent line appeared 
identical at a depth of 5 feet in a lake 
"clearer than the average fishing lake." 

[6] Non-utility of the invention is not es- 
tablished by the recitation in claims 1 and 8 
that the dye "rapidly ceases to glow upon 
removal of ultraviolet light," when the 
claims are read, as they must be read, in 
their entirety. 16 The claims and the patent 
nowhere mention visible light. Ultraviolet 
light is the sole glow-activating agent 
recited. One skilled in the art, reading the 
entire claim, and not charged with its in- 
fringement, would find the reasonable inter- 
pretation of the functional "ceases to glow" 
claim limitation to be that the glow produc- 
ed by ultraviolet light rapidly ceases when 
that light is removed. 

[7] Perfection under all conditions is not 
required, 17 whether the patent does or does 



,s DuPont points to Lau's statement that 
Berkley lines made per the DuPont patent showed 
a "sharp visibility drop-off * * * at modest 
depths" and were "difficult to detect" at a depth 
of 15 feet in crystal clear water, and to Roberts' 
equivocal indication on redirect that "It stops 
glowing" and "I don't really think it stops 
glowing." 

16 The claims measure the invention, Graver 
Tank & Manufacturing Co. v. Linde Air Products 
Co., 336 U.S. 271, 277, 80 USPQ451, 453 (1949); 
Smith v. Snow, 294 U.S. 1, 11, 24 USPQ 26, 30 
(1934), but the invention must be viewed "as a 
whole," Parker v. Flook, 437 U.S. 584, 594 , 198 
USPQ 193, 199 (1978). 

17 A small degree of utility is sufficient. In re 
Oberweger, 115 F.2d 826, 828, 47 USPQ 455, 
457-458 (CCPA 1940). The claimed invention 
must only be capable of performing some 



not suggest that the invention is imperfect or 
inoperable under certain conditions. See 
Conner v. Joris, supra note 17, at 946-48, 
113 USPQ at 57-60; Plant Products Co. v. 
Charles Phillips Chemical Co., supra note 
17 at 586, 37 USPQ at 652-653. Dr. John- 
son's report showed the DuPont line no 
more visible than non-fluorescent line under 
some water conditions. Berkley did not 
challenge those test results, but relied on ex 
parte tests it conducted exclusively in crystal 
clear water. Assuming that Berkley's 
evidence establishes what it claims, i.e., that 
DuPont's line is more visible than non- 
fluorescent line in crystal clear water, that 
evidence is insufficient as a matter of law to 
establish non-utility. At most, it might 
demonstrate that DuPont's commercial em- 
bodiment of the invention does not work 



beneficial function. National Slug Rejectors, Inc. 
v. A.B.T. Manufacturing Corp., 164 F.2d 333, 
335, 75 USPQ 151, 153-154 (7th Cir. 1947), cert, 
denied, 333 U.S. 832, 76 USPQ 621 (1948); In re 
Oberweger, supra at 828, 47 USPQ at 457-458; 
Panduit Corp. v. Stahlin Bros. Fibre Works, Inc., 
supra at 435, 162 USPQ at 114. An invention 
does not lack utility merely because the particular 
embodiment disclosed in the patent lacks perfec- 
tion or performs crudely. Hildreth v. Mastoras, 
257 U.S. 27, 34 (1921); Decca Ltd. v. United 
States, 544 F.2d 1070, 1077, 191 USPQ 439, 
444.445 (Q. CI. 1976); Field v. Knowles, 183 
F.2d 593, 600 (CCPA 1950); Plant Products Co. 
v. Charles Phillips Chemical Co., 96 F.2d 585, 
586, 37 USPQ 651, 652-653 (2d Cir. 1938); Besser 
v. Merrilat Culvert Core Co., 243 F. 611, 612 (8th 
Cir. 1917). A commercially successful product is 
not required. Hildreth v. Mastoras, supra at 34; 
In re Anthony, 414 F.2d 1383, 1396, 162 USPQ 
594, 605 (CCPA 1969). Nor is it essential that the 
invention accomplish all its intended functions, 
Conner v. Joris, 241 F.2d 944, 947, 113 USPQ 56, 
58-59 (CCPA 1957), Panduit Corp. v. Stahlin 
Bros. Fibre Works, Inc., supra at 442, 162 USPQ 
at 121, or operate under all conditions, Decca 
Ltd. v. United States, supra at 1077, 191 USPQ 
at 444_445 i partial success being sufficient to 
demonstrate patentable utility, Freedman v. 
Overseas Scientific Corp., 248 F.2d 274, 276, 1 15 
USPQ 42, 43-44 (2d Cir. 1957), Emery In- 
dustries, Inc. v. Schumann, 111 F.2d 209, 210, 45 
USPQ 12, 12-13 (7th Cir. 1940), Cummins 
Engine Co. v. General Motors Corp., 299 F.Supp. 
59, 90, 161 USPQ 641, 658-659 (D.Md. 1969), 
afTd, 424 F.2d 1368, 165 USPQ 618 (4th Cir. 
1970). In short, the defense of non-utility cannot 
be sustained without proof of total incapacity. 
Scovill Manufacturing Co. v. Satler, 21 R2d 630, 
634 (D. Conn. 1927). Proof of inoperativeness or 
non-utility must be strong, Steinfu Patents Corp. 
v. William Beyer, Inc., 62 F.2d 238, 240, 16 
USPQ 219, 220-221 (2d Cir. 1932), every 
reasonable doubt being resolved in favor of the 
patentee, Strong-Scott Manufacturing Co. v. 
Weller, supra at 394, 45 USPQ at 679-680. 
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perfectly under a particular condition and is 
thus not a model of perfection. 

It is instructive on the issue of utility that 
any imperfections respecting some con- 
tinued glow under visible light in clear water 
did not deter Berkley from copying the in- 
vention and selling it for over 7 V: million 
dollars during 1976-1978.'" 

[8] Thus, the issue of whether the patent 
was invalid for lack of utility should not have 
gone to the jury and should have been decid- 
ed as a matter of law in DuPont's favor. Its 
submission, for any purpose, constituted 
prejudicial error. 

C\ Novelty 

[91 A patent is invalid under 35 U.S.C. 
§§102(a)-102(b)'" if the claimed^ inven- 
tion was "known or used by others" in this 
country prior to the patentee's invention or 
was "in public use or on sale" in this coun- 
try more than one year before the applica- 
tion for the patent was filed. The burden of 
proof of a prior use is satisfied only by 
evidence clear, cogent, and convincing. 
The Barbed Wire Patent, 143 U.S. 27d, 
284 (1892); Julian v. Drying Systems 
Co., 346 F.2d 336, 338, 145 USPQ 
631, 632-633 (7th Cir. 1965); McCullough 
Tool Co. v. Well Surveys, Inc., 343 F.2d 
381 394, 145 USPQ 6, 16 (10th Cir. 1965), 
cert, denied, 383 U.S. 933, 148 USPQ 772 
(1966); Atlas v. Eastern Air Lines, Inc., 311 
F.2d 156, 160, 136 USPQ 4, 7 (1st Cir. 
1962), cert, denied, 373 U.S. 904, 137 
USPQ 912 (1963). 

[10] Oral testimony alone has been held 
insufficient to prove a prior use, Zachos v. 
Sherwin-Williams Co., 177 F.2d 762, 763, 
83 USPQ 408, 408-409 (5th Cir. 1949). The 
more widespread view, however, is that un- 
supported oral testimony can be sufficient 
but must be regarded with suspicion and 
subjected to close scrutiny. Miner v. T.H. 
Symington Co., 250 U.S. 383, 386 (1919); 
Deering v. Winona Harvester Works, 155 



U S 286. 300 (1894); Jones Knitting Corp. 
v Morgan. 363 F.2d 451, 455, 149 USPQ 
659, 662-663 (3d Cir. 1966); Becker v. Llec- 
tric Service Supplies Co., 98 F.2d 366, 368, 
38 USPQ 293, 294-295 (7th Cir. 1938); 
Farmhand. Inc. v. Lahman Manufacturing 
Co 192 USPQ 749, 755 (D. S.D. 1976), 
afTd, 568 F.2d 112, 196 USPQ 597 (8th 
Cir.), cert, denied, 436 U.S. 913, 197 USPQ 
848 (1978); See The Barbed Wire Patent, 
supra at 284-85; Eibel Process Co. v. 
Minnesota & Ontario Paper Co., 261 U.S. 
45, 60 (1923). 2 " 

( 1 ) The McCoy Line 

In 1964. DuPont learned of a chartreuse, 
fluorescent "Glo-Line" being sold by John 
McCoy in Seattle. McCoy told Greenwood, 
a DuPont salesman sent to investigate, that 
DuPont's 1949 records should contain in- 
quiries from McCoy respecting fluorescent 
dyes useful in nylon. Greenwood found a 
sample of DuPont fluorescent dye, dated 
December 1949, in McCoy's possession. 
Greenwood's call reports reflect McCoy's 
allegations of having dyed nylon for over 15 
years. McCoy said he had dyed yarn for 
lures since 1924. In a 1964 letter, McCoy 
said he had processed his Glo-Line since 
1949. He said he made chartreuse fishing 
line "for the last two years or longer." In 
1965, McCoy said he used the 1949 dye on 
lines for tying nymphs. In 1975, McCoy 
gave a written statement that he had first 
sold fluorescent fishing line in late 1964. 

Five witnesses (3 live, 2 by deposition) 
said they had seen or sold McCoy's fluores- 
cent chartreuse fishing line at least once in 
the mid-1950's. Kawahara said he sold it in 



18 At oral argument, it was admitted that 
Berkley did not tell its customers that its copy of 
the invention lacked utility. 

19 §102. Conditions for patentability; novelty 
and loss of right to patent. 

A person shall be entitled to a patent unless — 

(a) the invention was known or used by others in 
this country, or patented or described in a printed 
publication in this or a foreign country, before the 
invention thereof by the applicant for patent, or 

(b) the invention was patented or described in 
a printed publication in this or a foreign country 
or in public use or on sale in this country, more 
than one year prior to the date of the application 
for patent in the United States .... : 



lu Factors considered in determining the suf- 
ficiency of oral testimony are: (1) delay between 
event and trial, (2) interest of witness, (3) con- 
tradiction or impeachment, (4) corroboration (5) 
witnesses' familiarity with details of alleged prior 
structure, (6) improbability of prior use con- 
sidering state of the art, (7) impact of the inven- 
tion on the industry, and (8) relationship between 
witness and alleged prior user. See Deering v. 
Winona Harvester Works, supra at 300-01; Jones 
Knitting Corp. v. Morgan, supra at 456, 149 
USPQ at 663-664; A.J. Industries, Inc. v. Dayton 
Steel Foundry Co., 394 F.2d 357, 361, 157 USPQ 
545 548 (6th Cir, 1968); Whiteman v. Mathews, 
216 F.2d 712, 716. 104 USPQ 83, 86 (9th Cir. 
1954); Becker v. Electric Service Co., supra at 
368, 38 USPQ at 294-295; Farmhand, Inc. v. 
Lahman Manufacturing Co., supra at 755; 
A B Dick Co. v. Simplicator Corp., 34 F.2d 
935, 939-40, 2 USPQ 428, 431-433 (2d Cir. 1929); 
Eibel Process Co. v. Minnesota & Ontario Paper 
Co., supra at 60; Smith v. Hall, 301 U.S. 216, 222, 
33 USPQ 249, 252 (1937). 
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his Seattle store before the 1958 introduc- 
tion of DuPont's non-fluorescent line. 
Severeid said he saw McCoy's chartreuse 
line in Kawahara's store before transferring 
to his new office in August 1958. Sivertsen 
said he saw McCoy's chartreuse line before 
moving into his new store in 1957. Schalkle 
said he saw McCoy's chartreuse line before 
his transfer to a new job in 1954. Earling 
said he saw McCoy's chartreuse line about 
the time he was married in 1954. 

Thus five witnesses claiming to have seen 
McCoy's chartreuse fishing line testified 
from memory to events of twenty years past. 
Though accompanied by reference to con- 
current events, their testimony was inconsis- 
tent with the evidence produced by McCoy, 
the alleged prior user, whose one consistent 
indication was that his earliest claimed use 
of chartreuse fishing line was after Keller's 
invention, and who in 1964 possessed no 
chartreuse dye manufactured prior to 1963. 
Severeid, Sivertsen, Schalkle and Earling 
had no corroborating documentary or 
physical evidence. All five witnesses said 
they saw only McCoy's chartreuse line, and 
though all said they saw it between 1954 
and 1958, Berkley declined to review Mc- 
Coy's available and offered sales records for 
1952 through 1958. McCoy identified a 1964 
invoice (two years after the DuPont patent 
issued) as representing one of his first sales 
of fluorescent line. McCoy's 1954 ad did not 
mention fluorescent fishing line, and his 
1949 dye sample does not evidence use of 
fluorescent dye in a fishing line. The only 
physical evidence produced was a spool of 
line Kawahara said was one of the first he 
had purchased, and DuPont's unchallenged 
tests proved that line had not been made 
prior to 1962. 21 

[11] Berkley thus failed as a matter of 
law to carry its burden of proving prior use 
by McCoy. The attempt rests solely on un- 
corroborated oral testimony concerning 
events of long ago, contradicted by McCoy 
himself and by unchallenged results of 
scientific tests. Judged by appropriate legal 
standards, that testimony had insufficient 
probative value to make out a case of prior 
use that a jury could have found clear and 
convincing. Thus prejudicial error occurred 
in the instruction to the jury that it could 
find the DuPont patent invalid as an- 
ticipated by the McCoy line. 



21 Berkley says it learned of DuPont's spool 
tests only a few days before the end of trial, but 
does not charge the trial court with an abuse of 
discretion in admitting the testimony. 



(2) The Cohantic Line 

A spool of "Cohantic" line was allegedly 
discovered by Berkley in a fishing line 
"morgue" of the Cortland Line Company in 
New York. Placed under a strong artificial 
untraviolet light, the line gave off a faint 
glow, about 3% of that of DuPont's patented 
line. The glow was a little more in portions 
of the spool that had been covered for years 
by a rubber band and thus protected from 
light and oxidation. The Cohantic line did 
not glow in sunlight. 

Berkley's expert Stearns compared the 
glow of the Cohantic line to the inherent 
glow of a piece of undyed, relatively stiff, 
fishing leader of unknown composition. Find- 
ing a difference in spectra and intensity, 
Stearns concluded that the glow in the 
Cohantic line was caused by the presence of 
a "brightener, v by which he apparently 
meant a fluorescent dye. 

DuPont's expert Jenkins found that the 
glow spectra of the Cohantic line and the in- 
herent glow of undyed line made of the same 
nylon were substantially identical. 

DuPont's request that we find fluorescent 
dye absent from the Cohantic line, and 
Berkley's request that we find it present, are 
inappropriate at this stage. 22 The testimony 
is equivocal. Neither side conducted scien- 
tific tests for the presence of fluorescent dye, 
though DuPont says the amount, if any, 
would be too minuscule for scientific testing. 
That Stearns' comparison line was not of 
the same nylon, while Jenkins' was, that 
many materials (assertedly including finger- 
nails), inherently fluoresce under strong ar- 
tificial ultraviolet light, and that a protected 
line portion glowed more than an un- 
protected portion, were matters for the jury, 
in its evaluation of the credibility and 
reliability of the witnesses and their 
testimony. 

The trial court correctly submitted the 
evidence of the Cohantic line to the jury. 
The absence of indication that the jury 
found the patent invalid because of the 
Cohantic line, the gaps and conflicts in the 
Cohantic line evidence, and the prejudicial 
errors in submission of the non-utility and 
McCoy line matters, all preclude a sustain- 
ing here of the jury's invalidity verdict on 
the basis of the Cohantic line evidence. 



22 Claim 5 specifies a particular quantity of 
dye. There was no evidence concerning any 
specific amount of dye in the Cohantic line. We 
indicate no view respecting whether the Cohantic 
line constitutes a prior use of Keller's invention. 
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I). Obviousness 

[12] As this court noted in VVoodstream 
Corp. v. Herter's, Inc., 446 F.2d 1 143, 1 149, 
170 USPQ 380, 384 (8th Cir. 1971), 
application of 35 U.S.C.§103 2 \ i.e., deter- 
mination of the obviousness issue, is govern- 
ed by the principles articulated by the 
Supreme Court in Graham v. John Deere 
Co., 383 U.S. 1, 17-18, 148 USPQ 459, 467 
(1966): 

While the ultimate question of patent 
validity is one of law, A. & P. Tea Co. v. 
Supermarket Equipment Corp., [340 
U.S. 147, 155, 87 USPQ 303, 307 (1950)] 
the §103 condition, which is but one of 
three conditions, each of which must be 
satisfied, lends itself to several basic fac- 
tual inquiries. Under §103, the scope and 
content of the prior art are to be deter- 
mined; differences between the prior art 
and the claims at issue are to be ascer- 
tained; and the level of ordinary skill in 
the pertinent art resolved. Against this 
background, the obviousness or nonob- 
viousness of the subject matter is deter- 
mined. Such secondary considerations as 
commercial success, long felt but un- 
solved needs, failure of others, etc., might 
be utilized to give light to the cir- 
cumstances surrounding the origin of the 
subject matter sought to be patented. As 
indicia of obviousness or nonobviousness, 
these inquiries may have relevancy. 

[13] Though the ultimate question of ob- 
viousness is subject to evaluation on appeal, 
Flour City Architectural Met. v. Alpana 
Aluminum Products, Inc., 454 F.2d 98, 106, 
172 USPQ 341, 347-348 (8th Cir. 1972); see 
Sakraida v. Ag Pro, Inc., 425 U.S. 273, 280, 
189 USPQ 449, 452 (1976); Graham v. John 
Deere Co., supra at 17, 148 USPQ at 
466-467, we decline an independent evalua- 
tion on the present record. In the ordinary 
case, the appellate court has the benefit of 
the factfinder's conclusion that the invention 
would or would not have been obvious, and 



23 §103. Conditions for patentability; non-ob- 
vious subject matter. 

A patent may not be obtained though the in- 
vention is not identically disclosed or described 
as set forth in section 102 of this title, if the 
differences between the subject matter sought 
to be patented and the prior art are such that 
the subject matter as a whole would have been 
obvious at the time the invention was made to a 
person having ordinary skill in the art to which 
said subject matter pertains. Patentability shall 
not be negatived by the manner in which the in- 
vention was made. 



the facts and reasons underlying the conclu- 
sion. Here the jury announced no conclu- 
sion, either way. There are no findings of 
fact, and the trial court said it was making 
no determination of the question. 

Even in non-jury cases, where the trial 
.court made no findings or conclusions on 
obviousness, appellate courts have declined 
the initial determination of that question. As 
was said in Cloud v. Standard Packaging 
Corp., 376 F.2d 384, 391, 153 USPQ 317, 
322-323 (7th Cir. 1966): 

But, in general, and we think in this case 
as well, it is sounder procedure for the in- 
itial determination to be made in the trial 
court. That court has advantages not only 
in determining credibility of those it sees 
and hears, but it has much greater flex- 
ibility, where it deems it desirable, to call 
counsel before it for colloquy, or to order 
supplementation of the evidence. And 
where the determination of this type of 
issue is first made in the court of appeals, 
there is no court where the parties can ob- 
tain review as a matter of right. 

We refrain, therefore, from attempting 
to decide the matter at this stage, and 
direct further proceedings in the district 
court to determine the challenge to all 
these patents for obviousness under 35 
U.S.C.A. §103. [Footnote omitted.) 

See also Kockum Industries, Inc. v. Salem 
Equipment, Inc., 467 F.2d 61, 64, 175 
USPQ 81, 83 (9th Cir. 1972), cert, denied, 
411 U.S. 964, 177 USPQ 545 (1973); 
Sutherland Paper Co. v. Grant Paper Box 
Co., 183 F.2d 926, 935-36, 86 USPQ 337, 
344-345 (3d Cir.), cert, denied, 340 U.S. 
906, 87 USPQ 432 (1950). 

[14] As the Supreme Court said in 
Graham, the obviousness-nonobviousness 
conclusion rests on factual inquiries, which 
were to have been resolved in the first in- 
stance in this case by a jury. The record 
reflects extensive conflicts in testimony, and 
no indication as to how, if at all, the jury 
resolved those conflicts. These con- 
siderations, coupled with errors which 
appear to have deprived the jury of a true 
picture of the issue, dictate the avoidance of 
potential injustice inhering in an attempted 
resolution of the required factual inquiries 
on the basis of the cold paper record before 
us. 

[15] Having resolved the factual inquiries 
necessitated by the evidence presented to it, 
the jury at retrial must, if so requested, then 
reach a final conclusion respecting ob- 
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viousness. 2 ' Avoidance of subjectivity and 
the insidious effect of hindsight, i.e, resisting 
"the temptation to read into the prior art" 
the teachings of Keller's invention, Graham, 
supra at 36, 148 USPQ at 474, may prove 
difficult. Avoiding those analytical defects, 
the jury may conclude, on the basis of all the 
evidence, that it would or would not have 
been obvious to have made Keller's inven- 
tion in 1961. If that conclusion be accom- 
panied by answers' to interrogatories or 
special verdicts indicating its factual under- 
pinnings, an appeal on the issue may be 
rendered either unnecessary or more easily 
managed. 

[16] The parties are entitled to a con- 
sideration in the first instance of all the facts 
touching the obviousness issue, by a fact- 
finder who sees and hears the witnesses, and 
to that consideration free of the errors that 
occurred below. 2S 

( 1) The French Line Error 

A fishing line manufactured and sold in 
France in the 1950's and allegedly identical 
to DuPont's invention was allowed into 
evidence. DuPont challenged its admissibili- 
ty, arguing that the jury would erroneously 
treat it as evidence of prior art. 

If the French line is the same invention as 
Keller's, 26 it was admitted here under 
erroneous instructions. 

[17] A prior use or sale constitutes "prior 
art" only if it occurs "in this country." 35 
U.S.C. §102. Hence prior use in a foreign 



24 Under Rule 402, Fed. R. Evid., all relevant 
evidence is admissible (unless forbidden by the 
Constitution, statute, or rule). It would, of course, 
be unjust, unfair, and unjudicial to ignore any un- 
forbidden evidence relevant to the obviousness- 
nonobviousness question. 

25 Though vigorously argued by DuPont, we 
find no reversible abuse of discretion in admission 
of the testimony of Berkley's patent law expert. If 
a patent law expert testifies at retrial, however, 
care should be taken to avoid the close skating 
toward usurpation of court and jury functions il- 
lustrated, for example, by: 

[Berkley's expert] Maybe I can satisfy both 
objections by saying if you find this fishing line 
to have been used or sold in the 1950's, based 
on the evidence, then it constitutes prior public 
use to the extent that it discloses a fishing line 
which has a fluorescence to it, and meets the 
terms of the Keller claims. It certainly — If it is 
prior art — and that is certainly for the jury — - 
the question is what its application is, and it 
certainly would be highly relevant prior art. 

26 Two French lines were introduced. Only one 
was apparently alleged to be the same as Keller's 
invention, an allegation denied by DuPont. 



country is not prior art for the purpose of 
determining obviousness under section 103, 
and evidence respecting the French line was 
inadmissible to prove prior art, the line hav- 
ing never been used or sold in this country. 

[18] In admitting the evidence, the court 
instructed the jury to consider it "solely as it 
bears on the state of the art and as it relates to 
the ultimate question of obviousness." 
(emphasis ours). That instruction supplied 
no guidance from which the jury could be 
expected to have distinguished the French 
line from the prior art. The court's instruc- 
tion, considered as a whole, was thus mis- 
leading and erroneous. 27 

Berkley's brief mistakenly tells us that the 
court phrased its instruction in terms of "the 
skill in the art." 28 The jury, however, would 
have been no less misled had that been true. 
The distinction is fine between "prior art" 
and either "state of the art" or "skill in the 
art". The possibility of a jury confusing 
evidence admitted to show either of the 
latter with other evidence admitted to show 
"prior art" weighs heavily against use of a 
cautionary instruction phrased in the terms 
here employed. 

[19, 20] Evidence demonstrating contem- 
poraneous foreign invention by another has 
been considered even though it does not 



v Confusion was not limited to the jury box: 

Mr. Tramontine [Counsel for DuPont]: 
Your honor, as I understand the use of the term 
"state of the art" by counsel [for Berkley], he 
means equivalent to prior art under Section 
103. 

The Court: Right. 

The reference to obviousness in the instruction 
compounds the error. Preceded by "and", it at 
best tells the jury it may choose to consider the 
French line as evidence of the state of the art as 
distinguished from evidence of obviousness. 

28 The trial court referred elsewhere to 
counsel's statement that the evidence showed the 
level of skill in the art. Berkley cites one case in 
which a court said contemporaneous invention is 
a gauge of the level of skill in the art, Standun, 
Inc. v. Polycraft Corp., 426 F.Supp. 649, 655-56, 
191 USPQ 710, 715-716 (N.D. III. 1976), aff'd, 
550 F.2d 395 (7th Cir. 1977). That was, however, 
a non-jury trial in which the court said it was us- 
ing evidence of contemporaneous invention mere- 
ly to "bolster" its earlier conclusion, based solely 
on the prior art. Berkley's other citation, 
Stamicarbon, N.V. v. Escambia Chemical Corp., 
430 F,2d 920, 166 USPQ 362 (5th Cir.), cert, 
denied, 400 U.S. 944, 167 USPQ 705 (1970), was 
also a non-jury trial, in which the court admitted 
evidence of foreign contemporary invention, but 
found the patent valid nonetheless, and stated (at 
928) that the evidence "might not be admissible 
to prove prior art under 35 U.S.C. §102." 
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qualify as prior art Stamicarbon, N.V. v. 
Escambia Chemical Corp., supra note 28; 
Reeves Bros., Inc. v. U.S. Laminating 
Corp., 417 F.2d 869, 872, 163 USPQ 577, 
579 (2d Cir. 1969). The similarity between 
contemporaneous invention and prior art 
dictates, however, that evidence of the 
former be cautiously admitted in a jury trial. 
The trial judge must carefully instruct the 
jury that the evidence is merely one possible 
indicium of obviousness. See Reeves Bros., 
Inc. v. U.S. Laminating Corp., id., at 872, 
163 USPQ at 579. That the same invention 
was contemporaneously made elsewhere 
may or may not, in the light of all the cir- 
cumstances, be some indication that the in- 
vention would have been obvious, as the 
statute requires, to "one of ordinary skill in 
the art." Nothing should be more clear in 
the law of patents than the concept that the 
same patentable invention may be contem- 
poraneously made by more than one inven- 
tor. 2 *' 

(2) The Presumption of Validity Error 

Because the French and Cuculo patents 
were classified in files searched by the ex- 
aminer, DuPont sought this instruction: 

It is also assumed that the examiner 
reviewed the prior art which was in the 
files which he searched during the 
prosecution of the application for the pa- 
tent. 

Berkley objected, and the court omitted 
the requested statement. 

[21] The statutory presumption of 
validity 30 flows from a congressional 



2<> The statute establishing interferences in the 
PTO, 35 U.S.C. §135, is entirely premised on the 
concept that the same nonobvious invention may 
be contemporaneously made by a plurality of in- 
ventors. That congressional mandate, and the 
priority status j$iven in interferences to the first- 
to-file a patent application, accord with the 
Constitutional purpose of the patent system, i.e., 
to encourage public disclosure of inventions in 
this country. 

30 35 U.S.C. §282 (1976) provides, in relevant 
part: 

§282. Presumption of validity; defenses 

A patent shall be presumed valid. Each claim 
of a patent (whether in independent, depen- 
dent, or multiple dependent form) shall be 
presumed valid independently of the validity of 
other claims; dependent or multiple dependent 
claims shall be presumed valid even though 
dependent upon an invalid claim. The burden 
of establishing invalidity of a patent or any 
claim thereof shall rest on the party asserting 
such invalidity. 



assumption that the PTO properly performs 
its administrative functions. Morgan v. 
Daniels, 153 U.S. 120, 124-25 (1894); see 
Chicago Rawhide Manufacturing Co. v. 
Crane Packing Co., 523 F.2d 452, 458, 187 
USPQ 540, 545-546 (7th Cir. 1975), cert, 
denied, 423 U.S. 1091, 188 USPQ 480 
(1976); Beckman Instruments, Inc. v. 
Chemtronics, Inc., 439 F.2d 1369, 1374, 165 
USPQ 355, 359-360 (5th Cir.), cert, denied, 
400 U.S. 956, 168 USPQ 1 (1970); Neff 
Instruments Corp. v. Cohu Electronics, 
Inc., 298 F.2d 82, 86, 132 USPQ 98, 100-101 
(9th Cir. 1 96 1 ). The presumption is not con- 
clusive and can be rebutted by proof that the 
PTO erred. That a reference was cited or 
assumedly considered does not preclude a 
court or jury from being convinced that the 
patent should have been refused in view of 
that reference. That is not to say, however, 
that the presumption of validity is limited to 
those references actually cited by the ex- 
aminer. 

[22] The PTO's function entails a 
thorough scrutiny of prior art references. 31 



Under 35 U.S.C. §282 (1976), a patent is 
, presumed valid and the burden of establishing in- 
I validity rests on the party asserting it. Blonder- 
Tongue Laboratories, Inc. v. University of Illinois 
Foundation, 402 U.S. 313, 335, 169 USPQ 513, 
522 (1971); Woodstream Corp. v. Herter's, Inc., 
supra at 1149, 170 USPQ at 384. The mandate of 
section 282 is twofold, requiring "that a party 
asserting invalidity bear not only the presump- 
tion-generated burden of going forward with 
proof but also the burden of persuasion on that 
issue." Solder Removal Co. v. International 
Trade Commission, 582 F.2d 628, 632-33 n.8, 199 
USPQ 129, 132-133 n.8 (CCPA 1978). The latter 
burden remains upon the party asserting invalidi- 
ty whether relevant prior art was or was not con- 
sidered by the examiner during prosecution of the 
patent application before the PTO. Solder 
Removal Co. v. International Trade Commission, 
id. at 632-33, 199 USPQ at 132-133; Woodstream 
Corp. v. Herter's, Inc., supra at 1156, 170 USPQ 
at 389-390; See Champion Spark Plug Co. v. The 
Gyromat Corp., 603 F.2d 361, 366-67, 202 USPQ 
785, 788-789 (2d Cir. 1979). The presumption is 
fully rebutted only when the party asserting in- 
validity meets the burden of persuasion, i.e., relies 
on evidence that does in- truth render the claimed 
invention invalid, though rebuttal may be easier 
when the prior art relied on is more relevant than 
that considered by the examiner. Solder Removal 
Co. v. International Trade Commission, supra at 
632-33, 199 USPQ at 132-133, Woodstream 
Corp. v. Herter's Inc., supra at 1156, 170 USPQ 
at 389-390. 

31 35 U.S.C. §131 (1976), provides: 

§131. Examination of application 

The Commissioner shall cause an examina- 
tion to be made of the application and the al- 
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The PTO Rules of Practice require the ex- 
aminer to cite only what he considers the 
"best references.' 1 ' 2 The "file wrapper/' i.e., 
the prosecution history, of a patent applica- 
tion lists the references cited against the 
application and the classes and subclasses of 
references inspected by the examiner. 11 
Several courts have held that the examiner's 
search record is prima facie evidence that he 
considered all the references classified in the 
classes and subclasses searched and that he 
left uncited those he regarded as less rele- 
vant than those cited. Panduit Corp. v. 



leged new invention; and if on such examina- 
tion it appears that the applicant is entitled 
to a patent under the law, the Commissioner 
shall issue a parent therefor. 

37 C.F.R. §1. 104(a) (1978) provides: 
§1.104. Nature of examination; examiner's 
action. 

(a) On taking up an application for exam- 
ination, the examiner shall make a thorough 
investigation of the available prior art relating 
to the subject matter of the invention sought 
to be patented. The examination shall be 
complete with respect both to compliance of 
the application with the statutes and rules 
and to the patentability of the invention as 
claimed, as well as with respect to matters of 
form, unless otherwise indicated. 

32 37 C.F.R. §1. 106(b) (1978) provides: 
§1.106 Rejection of claims. 

(b) In rejecting claims for want of novelty 
or for obviousness, the examiner must cite the 
best references at his command. When a ref- 
erence is complex or shows or describes inven- 
tions other than that claimed by the applicant, 
the particular part relied on must be designated 
as nearly as practicable. The pertinence of each 
reference, if not apparent, must be clearly 
explained and each rejected claim specified. 

M.P.E.P. §707.05 (1978) provides in 
relevant part: 

707.05 Citations of References 

During the examination of an application 
the examiner should cite appropriate prior art 
which is nearest to the subject matter defined 
in the claims. When such prior art is cited, 
its pertinence should be explained. 

"M.P.E.P. §904.01(d) (1978) provides, 
in relevant part: 

904.01(d) Outlining Field of Search 



An examiner, in each first action upon an 
application, makes an initialed endorsement in 
ink in the space provided on the left-hand page 
of the open file wrapper, stating the classes 
and subclasses of domestic and foreign patents, 
abstract collections and the publications in 
which search for references was made and also 
the date of the search. 



Burndy Corp., 517 R2d 535, 538 n.2, 186 
USPQ 75, 77-78 n.2 (7th Cir.), cert, denied, 
423 U.S. 987, 188 USPQ 48 (1975); Elgen 
Manufacturing Corp. v. Grant Wilson, Inc., 
285 F.2d 476, 479, 128 USPQ 168, 170-171 
(7th Cir. 1961); Farmhand, Inc. v. Lahman 
Manufacturing Co., supra, at 760. A con- 
trary view would destroy the presumption 
of administrative regularity on which the 
presumption of validity rests. 

[23] Assuming, arguendo, that Berkley's 
expert is correct in his generalized assertion 
at trial that references may occasionally be 
missing from the files, Congress, in enacting 
the presumption of validity, chose to assume 
prima facie that an oversight of relevant 
prior art did not occur. In view of the hun- 
dreds of patents in a single class or subclass, 
a requirement that the examiner cite every 
patent inspected would unreasonably retard 
the examination process. Thus, absent con- 
trary evidence, it is improper to conclude 
that references not specifically cited by the 
examiner, but classified in areas he search- 
ed, were not considered by him. Cf. Hobbs 
v. United States, 451 F.2d 849, 863-64, 171 
USPQ 713, 723-724 (5th Cir. 1971). 

[24] The trial court's instruction that the 
"presumption does not extend or exist as to 
prior art patents or publications which do 
not appear from the record of the file 
wrapper," and the refusal to give DuPont's 
requested instruction, left the jury unap- 
prised of the full extent of the statutory 
presumption of validity. 34 

//. Fraud and Antitrust 

The crux of Berkley's antitrust 
counterclaim was that DuPont knew, >or in 
the exercise of due care should have known, 
of information that rendered its invention 
unpatentable but chose to fraudulently con- 
ceal that information from the examiner 
during prosecution of its patent application 
and further chose to ignore even more such 
information and enforce the patent, all in a 
scheme to maintain a monopoly in the 
fluorescent monofilament fishing line 
market in violation of Section 2 of the Sher- 
man Act. 35 



34 Though instructions must be considered in 
their entirety, the court's reference to patents that 
"had not been considered ... if they are more 
pertinent than those considered," as part of a 
single sentence with the statement quoted in the 
text, could not cure the potential for misdirection 
of the jury. 

35 Section 2 of the Sherman Act, 15 U.S.C. §2 
(1976), provides: 

§2. Monopolizing trade a felony; penalty 
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Because the jury returned its verdict for 
DuPont on Berkley's allegations of fraud 
and patent enforcement, the trial court im- 
mediately dismissed the counterclaim, find- 
ing the second part of the trial un- 
necessary. 

On appeal, Berkley asks us to adopt its 
version of parts of the evidence. Having 
found the jury's verdict fully supported by 
the weight of all the evidence, and Berkley's 
versions unfounded, we decline that invita- 
tion. Berkley also charges the commission of 
errors allegedly necessitating reversal of the 
verdict or a new trial. We treat each issue, 
setting out the facts as they pertain to each. 1 '' 

A. Gross Negligence 37 

Accusing DuPont of "gross negligence" in 
its investigation of facts allegedly placing it 
on notice that one or more claims of its pa- 



Every person who shall monopolize, or 
attempt to monopolize, or combine or conspire 
with any other person or persons, to 
monopolize any part of the trade or commerce 
among the several States, or with foreign 
nations, shall be deemed guilty of a felony, and. 
on conviction thereof, shall be punished by fine 
not exceeding one million dollars if a corpora- 
tion, or, if any other person, one hundred thou- 
sand dollars, or by imprisonment not exceeding 
three years, or by both said punishments, in the 
discretion of the court. 

36 The jury's findings on fraud and enforce- 
ment being supported by the evidence, we need 
not discuss the conflicting interpretations, 
charges of factual misstatements, and the re- 
quested inferences of intent, with which the par- 
ties have presented to us the absent (later 
delivered) attorneys' opinion in exhibit D-7 and 
the Payne presentation of the Johnson report. 

)7 Because the evidence could not support a find- 
ing of gross negligence, we need not and do not 
decide whether gross negligence may be adequate 
basis for a charge of antitrust violation. The cases 
cited by Berkley thrust in a contrary direction or 
conflict with this court's view as expressed in 
Aerashell, Inc. v. Hammons Products Company. 
479 F.2d 269, 287, 177 USPQ 501, 512-513 (8th 
Cir. 1973). In a post-argument submission, 
Berkley cites W.R. Grace & Co. v. Western U.S. 
Industries, Inc., No. 75-2574, 75-2513, 203 USPQ 
721 (9th Cir,, Oct. 9, 1979), but that case involved 
fraud, and the court held the corporation liable, 
against its employee's denial of actual knowledge 
of falsity in his representation to the PTO. It is 
sufficient here that we agree with the trial court, 
in its ruling on post trial motions, that there was 
simply no basis in the "evidence in this case" for 
submitting to the jury any issue of DuPont 's 
failure to inquire into validity of its patent. 

DuPont says Berkley did not plead gross 
negligence. But Berkley pled "fraudulent 
maintenance," and ambiguous pleadings are to 
be construed liberally in favor of the preader. 



tent might be invalid, Berkley charges error 
in the trial court's refusal to instruct and 
submit to the jury an interrogatory respec- 
ting DuPont's gross negligence prior to 
issuance and enforcement of its patent. The 
accusation rests on DuPont's conduct 
respecting the McCoy line, the Starlite line, 
and reports on underwater visibility of 
DuPont's fluorescent line product. 

In 1964, two years after its patent issued, 
when DuPont learned of McCoy's Glo-line 
product, its investigation of the McCoy 
story was immediate and thorough. 
Resulting information concerning the 
nature and timing of McCoy's use of fluores- 
cent dye was decidedly vague and indefinite. 
McCoy's statements were inconsistent. No 
physical or documentary evidence es- 
tablishing McCoy as a prior user of fluores- 
cent monofilament fishing line ever 
appeared. 3 * 1 Every statement of McCoy 
about his chartreuse fishing line placed his 
first use after Keller's invention. McCoy's 
decision, made after the patent issued, to 
abandon his fluorescent line was inconsis- 



Hanson v. Hunt Oil Co., 398 F.2d 578, 581 (8th 
Cir. 1968). Berkley cites dicta in Norton v. Cur- 
tiss, 433 F.2d 779, 794-96, 167 USPQ 532, 
544-546 (CCPA 1970), indicating that a patent 
application may be struck by the PTO if a mis- 
representation is made to it with knowledge of 
falsity or in an "atmosphere" of gross negligence 
as to truth. 

,H Paul Johnson of Berkley visited McCoy in 
December of 1975 and gave the following 
testimony at trial about his visit: 

We asked if he had any invoices or sales 
records, and he said that he didn't have them 
anymore; that, after duPont people visited him 
[in September of 1975], they threw them all 
out. They didn't exist. 

At his deposition, taken by DuPont in July of 
1977, McCoy, who was 79 by then, produced his 
invoices for the years 1954-1958 and after 1964. 
He no longer had invoices for the years 
1959-1963. McCoy's explanation for the missing 
1959-1963 invoices was: 

Mr. Churchill [counsel for DuPont] : What I 
am getting at, Mr. McCoy, is that some of these 
records for these years are missing. 

Mr. McCoy: Oh, yes. 

Mr. Churchill: What happened to them, can 
you tell us? 

Mr. McCoy: I don't know. I don't know 
what happened to them. 

Mr. Churchill: Were they destroyed in some 
way? 

Mr. McCoy: They may have been. They 
could have been. 

DuPont asserts that those same 1959-1963 in- 
voices were missing when its representatives 
visited McCoy in September of 1975. 
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tent with his claim or prior use, notwithstan- 
ding his desire to be "friends" with DuPont 
and Berkley's inference that he must have 
been "pressured." Keller concluded that 
"McCoy was just another person who was 
claiming to have had a fluorescent fishing 
line prior to my invention, and yet had no 
evidence to back it up. " In September, 1975, 
McCoy gave Du Font's representatives a 
December, 1964, invoice and a signed state- 
ment that it represented one of his first sales 
of fluorescent line. 

Under all the circumstances, DuPont was 
not guilty of gross negligence in concluding 
that McCoy's original vague and inconsis- 
tent implication of a prior use was 
groundless. To require patentees to do more 
than was here done, when faced with such 
unsubstantiated allegations, would put 
them at the mercy of every crank and 
charlatan who suddenly "remembers" a 
prior use of the patentee's invention after the 
patent is issued. 

In 1962, Sunset, the company manufac- 
turing Starlite line, was a sales agent for Du- 
Pont fishing line. When DuPont's patent 
issued, a copy went to all sales agents. 
Sunset received its copy on December 14, 
1962, and on December 18, its president 
Agnew wrote DuPont: 

For your information we put illuminous 
powders in plastic four or five years ago 
and when we shine a black light on them, 
they actually made the line look like it 
was completely purple. , 

On January 4, 1963, Tyner of DuPont 
thought the Starlite line might affect validity 
of the DuPont patent. Consequently, in ear- 
ly 1963, Keller was sent to investigate 
Agnew 's assertion. Agnew said the Starlite 
line was a phosphorescent fly line, charged 
up with a flashlight and used at night, to 
glow continuously for 10 or 15 minutes after 
the light was removed, above and under 
water. 

Though DuPont might have tested the 
Starlite line for the presence or absence of 
fluorescent dye, " its investigation was more 
than sufficient to avoid a charge of gross 
negligence. It promptly investigated 
Agnew's assertion and could not be held 
grossly negligent for relying upon what 



w No such test was ever reported by either par- 
ty. Stearns testified that he found fluorescence in 
ex parte laboratory tests but did not identify the 
source of that fluorescence. 

Agnew and Keller dispute the fact of a 1962 
conversation. If it occurred, DuPont's failure to 
act on it did not constitute gross negligence. 



Agnew told and showed Keller. Berkley's 
expert Stearns admitted that one looking at 
the Starlite line would be unable to dis- 
tinguish any fluorescence in it from the 
phosphorescence. Keller's conclusion that 
Agnew's phosphorescent fly line had no 
relevance to DuPont's fluorescent fishing 
line was not grossly negligent. 

[25] At DuPont's direction, Dr. Johnson 
had completed his tests and a report on un- 
derwater visibility of DuPont's fluorescent, 
line on March 14, 1962, several months 
before issuance of the DuPont patent. John- 
son tested the line under a wide variety of 
conditions and concluded that it worked as 
described in the patent application and was 
useful. Berkley's expert Stearns said John- 
son had prepared "a very good scientific 
reliability report" of which "any scientific 
lab would be proud," and that Dr. John- 
son's tests were all that was necessary to 
determine how the fishing line would work. 40 

The report's suggestion that visibility of 
the line bore an inverse relationship to clari- 
ty of the water does not contradict of 
otherwise invalidate Johnson's conclusion. 
Nor was his conclusion contradicted by 
reports of Roberts and Lau to DuPont 
before suit. Roberts said only that the line 
did not completely disappear underwater 
and Lau's statement was based solely on 
observations made in crystal clear water and 
thus was not inconsistent with Johnson's 
report. Johnson's conclusions were cor- 
roborated by McNally, a scuba diver hired 
by DuPont to make underwater obser- 
vations of its line. 

In view of the extensive testing by Du- 
Pont, its tests having confirmed the presence 
of patentable utility, it cannot be said that 
DuPont was grossly negligent in deter- 
mining whether its invention worked. 

Citing no specific conduct by DuPont, 
Berkley adds this vague allegation: 

No one knows which pieces of prior art 
formed the basis for the jury's determina- 
tion of invalidity. However, it is very 
possible that the jury determined that the 
Keller patent was invalid on the basis of 
prior art which was admittedly known to 
duPont prior to the issuance or enforce- 



4 " Stearns also said the report proved Keller's 
invention "did not work" because it showed the 
line was not invisible against a dark background 
or the sky. As discussed supra invisibility was not 
required for utility. Moreover, that Berkley's ex- 
pert took a particular view of the Johnson report 
at trial does not establish gross negligence in 
failure of DuPont to take the same view before or 
after trial. 
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merit of the patent. If the jury concluded, 
on the basis of such facts, that the Keller 
patent was invalid, the jury may very well 
have concluded that duPont was grossly 
negligent in failing to make a similar 
determination prior to the issuance or en- 
forcement of the patent. 

[26] The notion that DuPont could be 
found guilty of gross negligence for failure to 
anticipate a jury's verdict is meritless. 
Moreover, thejury's verdict may have rested 
on non-utility, with no basis in the prior art. 
None of the prior art or other information 
known to DuPont, in any event, so plainly 
rendered its invention unpatentable that 
DuPont could be held guilty of gross 
negligence in accepting its patent and exer- 
cising its right to seek legal enforcement in 
the courts. 

There being no evidence warranting sub- 
mission of a gross negligence issue to the 
jury, the trial court committed no error in 
refusing to give Berkley's requested instruc- 
tion and interrogatory. 

B. Jury Instructions on Withholding the Johnson 
Report 

Focusing exclusively upon one paragraph 
of an 8 paragraph instruction (No. 21), 
Berkley maintains that the court erroneous- 
ly permitted the jury to find fraud only if 
DuPont willfully withheld "prior art" from 
the PTO. The challenged paragraph 
describes Berkley's burden of proof and 
speaks only of withholding "prior art." 
Thus, says Berkley, if the jury found that 
DuPont withheld scientific data, i.e., the 
Johnson report, but had not withheld "prior 
art," it could have erred in finding DuPont 
not guilty of fraud. 

Jury instructions must be viewed in their 
entireties and verdicts will not be overturned 
by picking and choosing words from an in- 
struction without regard to the realities of 
the trial. Fields v. Chicago Rock Island and 
Pacific Railroad, 532 F.2d 1211, 1213-14 
(8th Cir. 1976); Jiffy Markets, Inc. v. Vogel, 
340 F.2d 495, 500 (8th Cir. 1965). 

Instruction No. 21, read as a whole, 
emphasizes the requirement for "[ajbsolute 
honesty and good faith disclosure," the 
prohibition of "suppression of pertinent 
facts," and the "rule of absolute candor with 
the Patent Office." It states that an "omis- 
sion of material facts" may constitute 
"fraud" rendering a "patent invalid even if 
the fraud pertains to only one claim." Thus 
the instruction as a whole clearly conveys 
the concept that the withholding of any rele- 
vant material, described in the instruction 
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as "prior art," "facts," and "information," 
may form the basis for a finding of fraud. 
Berkley at trial stressed the withholding of 
the Johnson report. There was no real 
possibility that the jury was misled into 
believing that it could not consider the 
withholding of the Johnson report in 
reaching its decision on fraud. 11 

C. Interrogatories 2 and 3 ' 2 

Berkley contends that the court erred in 
phrasing Special Interrogatory 2 as "Did 
plaintiff obtain the * * * [DuPont] patent 
from the Patent Office by fraud?," and 
Special Interrogatory 3 as "Did plaintiff 
assert its patent against Berkley knowing 
that it was invalid?" 

Berkley sought interrogatories asking 
whether DuPont had obtained by fraud or 
enforced, knowing to be invalid, "any one or 
more claims," arguing that fraudulent con- 
duct respecting one claim renders the entire 
patent invalid, and that enforcement of one 



" Berkley's primary position on fraud is that, 
because the Johnson report showed DuPont's line 
more visible than non-fluorescent line under some 
water conditions, it would have rendered 
DuPont 's patent invalid for lack of utility and its 
withholding thus constituted fraud. As indicated 
in the text, supra, the Johnson report would not 
have demonstrated absence of utility. Nor does 
the file wrapper indicate that the PTO issued the 
patent in the belief that the addition of fluorescent 
dye rendered the line totally invisible or less visi- 
ble than another line at all depths and in all con- 
ditions of water. Nonetheless, the jury's no-fraud 
finding may have been based on a conclusion 
that, though Keller's invention was shown at trial 
as lacking in utility, DuPont was not chargeable 
with knowing and concealing that fact. 

Berkley asserts that DuPont failed to disclose to 
the PTO its dye booklet and its experiments with 
dye in nylon powders. We are not told, nor do we 
see, how those matters are more pertinent than 
the 16 items disclosed by DuPont to the PTO and 
the 8 patents cited by the examiner. 

42 In its Statement of the Issues Presented for 
Review, Berkley did not request review of the 
jury's answer to Interrogatories 2 and 3. Nor did 
it argue that issue. In the conclusion of its initial 
brief, however, Berkley alleged broadly that the 
answers were "contrary to the great weight of the 
evidence. " When DuPont asserted waiver of the 
issue, Berkley reiterated the same broad attack, 
adding that it "has not abandoned the issue" and 
that "its entire brief deals with the issue." 
Berkley's briefs reveal little more than catalog 
descriptions of information allegedly known to 
DuPont, followed by broad assertions that the ex- 
aminer was never advised of the information. No 
direct evidence that DuPont acted in bad faith is 
cited, ft is unnecessary to decide whether Berkley 
waived the issue. The evidence adduced at trial 
was more than ample to support the jury's 
answers to Interrogatories 2 and 3. 
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claim knowing it to be invalid renders the 
patentee liable under the antitrust laws even 
if the remaining claims asserted are valid. 

The submission and form of in- 
terrogatories to the jury are matters within 
the sound discretion of the trial court, and 
review is confined to a determination of 
whether there was an abuse of discretion 
Tights, Inc. v. Acme-McCrary Corp 541 
F 2d 1047, 1060 (4th Cir.), cert, denied, 429 
U.S. 980 (1976); Dreiling v. General Elec- 
tric Co 511 F.2d 768, 774 (5th Cir. 1975), 
McDonnell v. Timmerman, 269 F.2d 54, 58 
(8th Cir. 1959). 
Jury Instruction No. 21 included: 
[A] fraud has been perpetrated on the Pa- 
tent Office and the patent is rendered in- 
valid even if the fraud pertains to only one 
claim. 

Being so instructed, the jury, in giving its 
"no" answer to Interrogatory No. 2, had 
before it the concept that DuPont had to 
have procured every claim of its patent tree 
of fraud. The contested issue having thus 
been adequately presented to the jury it 
cannot be said that the court abused its dis- 
cretion in phrasing Interrogatory 2. 44 

Concerning Interrogatory No. 3, Berkley 
speculates that: 

The evidence in this case disclosed test 
results and numerous pieces of prior art, 
of which duPont had knowledge, that may 
have invalidated one or more, but not all, 
of the claims of the Keller patent .... 

[A] careful examination of each 
piece of prior art and each test result in- 
troduced into evidence at trial could 
arguably have been construed by the jury 
to invalidate one or more claims of the 
Keller patent, without invalidating all ot 
the claims of the patent. Additionally, a 
jury could have concluded that even though 
a piece of prior art invalidated all of the 
claims of the Keller patent, duPont s ac- 



DuPont disputes Berkley's premise. 
However, we need not and do not decide in this 
case the issues of whether fraud in obtaining one 
claim renders the entire patent invalid or whether 
enforcement of a patent having claims valid and 
claims known to be invalid renders a patentee 
liable under the antitrust laws. 

u Berkley's briefs argue error in refusal ot the 
requested interrogatory, ignoring the effect oi 
Instruction 21. At trial, however, Berkley 
recognized that juries are presumed to answer in- 
terrogatories in the light of instructions, when it 
successfully objected to inclusion in Interrogatory 
2 of the fraud burden on the ground that the 
burden was already described in Instruction 21. 



tual knowledge was such that duPont was 
only aware that certain claims of said pa- 
tent were invalid when it decided to file 
suit against Berkley. [Emphasis added.] 

Berkley was ultimately charged with in- 
fringement of only claims 2, 5 and 6. It has 
offered not even speculation as to how the 
jury might have concluded that DuPont en- 
forced one or two but not all three of those 
claims believing them to be invalid. Though 
DuPont initially asserted claims 1 and 8, 
there is no evidence from which a jury could 
find that DuPont "knew" those claims were 
invalid when it filed its complaint. Because 
no charge of enforcement of any claim 
believing it to be invalid could properly he 
the interrogatory sought by Berkley could 
only have been prejudicial to DuPont. 
Hence, no abuse of discretion occurred in 
the phrasing of Interrogatory 3. 

D. Exclusion of "Intent " Evidence 

Berkley contends that the court erred in 
excluding evidence allegedly demonstrating 
that DuPont enforced its patent with intent 
to destroy competition. 

A trial judge can and should exclude 
evidence when convinced that it will create a 
daneer of prejudice outweighing its 
probative value/ 5 The judge has wide dis- 
cretion in ruling on the admissibility ot 
evidence and his decisions thereon will not 
be disturbed unless there be a clear and 
prejudicial abuse of discretion. Wright _ v 
Hartford Accident & Indemnity Co., 580 
F.2d 809, 810 (5th Cir. 1978); Rigby 
Beech Aircraft Co., 548 F.2d 288 293 (10th 
Cir 1977); Kilarjian v. Horvath, 379 K2d 
547 548 (2d Cir. 1967); Great American In- 
surance Co. v. Horab, 309 F.2d 262, 265 
(8th Cir. 1962). 

Berkley offered the deposition of Hilberg, 
a DuPont patent attorney, to prove that Du- 
Pont asserted its patent against Scientific 
Anglers, a company that had been conduc- 
ting fluorescent fly line demonstrations, thus 
admitting that its patent encompassed the 
prior art fly lines of Olson and Wood and 
was therefore invalid. 46 



4S Fed. R. Evid. 403 provides: 

Rule 403. Exclusion of Relevant Evidence on 

Grounds of Prejudice, Confusion, or Waste 

of Time 

Although relevant, evidence may be excluded 
if its probative value is substantially outweigh- 
ed by the danger of unfair prejudice, confusion 
of the issues; or misleading the jury, or by con- 
siderations of undue delay, waste of time, or 
needless presentation of cumulative evidence. 
« The examiner allowed DuPont's claims only 
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Hilberg's deposition was decidedly im- 
preci e uncertain, and seriously lack.ng in 
probative value. The two Hilberg sentences 
quoted by Berkley were ; contradicted by 1 u- 
Pont, which consistently maintained that 
never asserted its patent against Scientific 
Anders, and by Scientific Anglers itself 
whSk told Berkley that DuPont had never 
asserted the patent against it. 

The trial court excluded Hilberg s deposi- 
tion correctly finding it "shakey at best, its 
probity and relevance dubious, and po en- 
Sal £ prejudicing DuPont 's case substan- 
tial "No abuse of discretion occurred ,n 
that exclusion. 47 

Berkley offered three exhibits from the 
deposition of Harry Haon, a DuPont 
employee. D-7 was a pre-suit Haon 
mX/andum stating that Ber ey was .„- 
frineine, comparing the potential loss trom 
haf nfringement with the cost of litigation, 
recommending that a legal op.n.on be ob- 
a ned on enforceability of the patent and if 
hat opinion be favorable, that suit be filed 
before Berkley introduced its line at a trade 
show and be/ame entrenched in its infringe- 
ment. E-7 was a draft of a letter to the Du- 
Pont Executive Committee, about the 
proposal to sue Berkley, estimating the loss 
from infringement, referring to a legal opi- 
nion, and viewing the cost of suit, if lo«, as 
justified by its impact on Berkley. F- wa 
DuPont press release announcing the suit 
against Berkley. . 

r2 71 The exhibits contain no indication 
that DuPont believed its patent was invalid. 
Recognition that an infringement suit may 
not Lcceed simply reflects a realistic 
awarenes'of the hEtSncally low percentage 
of patents held valid m Ration The 
ootential for jury misconstruction of the 
ffaon exhibits which the trial court correct- 
\ y described as reflecting "the internal con- 
Ideration of cost versus bringing su.t^ which 
■ « a legitimate consideration or any 
patenteeTo engage in " would have been un- 
acceptably prejudicial. 

rM 291 By definition, every good faith ei- 
fort to enforce a patent involves a legitimate 
.miSn^SSvt fntent-The Haon exh^bts 

after they're amended to limit them to fishing 

"^S'Sr, cor^ly ****** "» 
Haon exhibit matter as "a waste of time 

* I, the patent be valid, the competition in- 
volves a product which by definition did not exist 



indicate DuPont's consider*. on and 
recognition that a suit enforcing P^" 
might have adverse effects on Berkley s sales 
of its infringing line. There ,,, however, no 
Icical obligation of patentees to withhold suit 
until an infringer is well along in its infringe- 
ment. In all events, consideration o 
DuPont's anticompetitive intent is pre 
mature, absent threshold evidence that 
DuPon believed its patent was invalid. 
Th ■ tna. court, recognizing .hat ^t.ncUor, 
correctly cited it as an additional reason 
for excluding the Haon exhibits: 

One reason for bifurcation was to 
avoid the effect of evidence relevant to one 
issue spilling over and coloring evidence 
in the other portion of the case. The Haon 
evidence was just such evidence. 
The trial court did not abuse its discretion 
in excluding the Haon evidence under Fed 
R. Evid. 403, on the ground that it was 
"prejudicial" and "not sufficiently 

probative. ^ j ne(/u u a ble Conduct 

Defining "inequitable conduct" as an in- 
tentional misrepresentation non " 
disclosure to the" PTC- that although 
material, did not cause issuance of the pa 
tent and "fraud" on the PTO as a mis 
representation or nondisclosure, absent 
which the patent would not have issued. 
Berkley requested an interrogatory on ine- 
quitable conduct, the jury s affirmative 
Answer to be used as a basis for proceed.ng 
with proof of other elements of an ant.turst 
violation. Berkley also requested an instruc- 
tion that the jury could find the DuPont pa- 
t n" "unenforceable" if DuPont were guilty 
of "inequitable conduct" before the PIO. 
The trial court denied both requests. 

raOl Berkley's attempt to base its an- 
titrust counterclaim on "inequitabk con 
duct" has no basis in law." In Walker 



before the inventor contributed it to the 
marketplace Enforcement of the patent in that 
c^se takes' nothing from the public, and nothing 
from the infringer' to which it had any nght. 
» Citine no authority, and for the first time on 
..I Kiev argues that enforcement with an- 
SSLKlnteKone. even if DuPont had no 
acTuTknow.edge of invalidity and was no tgu. hy 
of eross negligence in failing to determine in 
valPdTy! would support an antitrust cla.m. The 

^^•SETno charge of specific mi, 
representation, but lists seven items DuPont did 

ntfkTy^nced^an absence of authority 
but savs courts have been "equivocal and have 
"mdicated that logic might dictate" its position, 
citing 5 Corninl GlasI Works v. Anchor Hock- 
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Process Equipment, Inc. v. 1-ooc Machinery 
& Chemical Corp., 382 U.S. 172, 174, 147 
USPQ 404, 405-406 (1%5). the Supreme 
Court ruled that enforcement of a patent 
procured by fraud on the PTO may violate 
.82 of the Sherman Act if other elements 
necessary to a §2 case are present. Admit- 
•ing that Walker Process and its progeny 
. speak only or fraud, and acknowledging that 
no court has recognized "^"^J™- 
lucf as a basis for an action under Section 
2 of .he Sherman Act, Berkley nevertheless 
htbucs that it is as much a violation of the 
\ct "for a patent owner to enforce an unen- 
forceable' patent against potential com- 
.ctitors as it is to enforce an invalid 
patent." We disagree. 

1311 A patent procured by fraud by 
icfinition would not have issued but for the 
misrepresentation or non-disclosure, lhe 
,atcnt is invalid as improperly issued and 
he patentee has illegally received ex- 
rlusionary rights he would not otherwise 
ia ve In those circumstances, as the 
Supreme Court held in Walker Process, the 
evcre sanctions of the Sherman Act may be 
warranted. 

However, where the patent was not 
>rocured through non-disclosure, the patent 
vould properly issue and the patentee 
vould receive no exclusionary rights to 
vhich he was not legally entitled under the 
Datent laws. Hence, no basis exists for a 
:harge of illegal monopolization or attempt 
o monopolize. Refusal to enforce the patent 
las been considered adequate sanction. 
Vlueller Brass Co. v. Reading Industries, 
Inc., 352 F.Supp. 1357, 1371 176 . USFO 
161, 371-372 (E.D. Pa. 1972) affd 487 
F.2d 1395, 180 USPQ 547 (3d Cir. 1973), 
>CM Corp. v. Radio Corporation .of Amen- 
;a, 318 F Sudd. 433, 472, 167 USPQ 196, 
>25-226 (S.D.N.Y. 1970); Corning Glass 
Works v. Anchor Hocking Glass Corp 
<upra note 52, at 470, 149 USPQ at 106-107. 

1321 Berkley further argues, citing no 
authority, that if inequitable conduct stan- 
-ling alone is an insufficient basis for an an- 
: itrust cause of action, it is such a basis 
.vhen combined with an anticompetitive in- 
ent in bringing suit on the patent . We dis- 
agree Berkley cites excluded exhibits D-/, 



F-7 and F-7. But those exhibits focus ex- 
clusively on events occurring after issuance o! 
the patent. They bear no relation to 
DuPont's conduct before the PTO and, if 
thev had been admissible, they could not 
bootstrap that non-fraudulent conduct no 
otherwise actionable under the antitrust 
laws, into the more egregious Walker 
Process type conduct. 

T331 The trial court gave no reasons for 
denying Berkley's requested instruction on 
inequitable conduct as a defense of no .n- en- 
forceability/' Absent a ruling that the 
evidence was insufficient, or more pre- 
judicial than probative, an instruction on 
that question would be proper. 

r341 DuPont's contention that Berkley 
never pled an inequitable conduct defense is 
without merit. Berkley's inequitable con- 
duct theory differs from its expressly pled 
allegation of fraud only in the degree of 
materiality of the information allegedly 
withheld from the PTO. The pleadings 
placed DuPont on notice of the type of con- 
duct that would be litigated, and that is all 
that is required. See Conley v. Gibson, 355 
U.S. 41, 47 (1957). 

f351 This circuit has recognized that in- 
equitable conduct short of fraud can be a 
defense in a patent infringement suit. Ptizer 
Inc v International Rectifier Corp., W» 
F 2d 180, 185, 190 USPQ 273 277 1 8th Cir 
1976), cert, denied, 429 U.S. 1040, 192 
USPQ 543 (1977). To make out a case ot in- 
equitable conduct Berkley must prove, by 
"clear, unequivocal and convincing 
evidence," Pfizer, Inc. v. International ^Rec- 
tifier Corp., id. at 187, 190 USPQ at 279 
that DuPont's conduct made it impossible 
for the PTO to fairly assess the patent 
application against the prevailing statutory 
criteria In re Multidistrict Litigation In- 
volving Frost Patent, 540 F.2d 601 604 n.9 
19] I USPQ 241, 243 n.9 (3d Cir. 1976), and 
that it involved "some element of 
wrongfulness, wilfulness or bad faith. 
Pfizer Inc. v. International Rectifier Corp., 
'supra at 186, 190 USPQ at 278. Iflhe infor- 
mation be irrelevant, its innocent or 
negligent misrepresentation or non- 
disclosure, whether or not intentional, does 



ng Glass Corp., 253 F.Supp. 461 470 n. 23, 149 
USPQ 99, 106-107 n.23 (D.Del. 1966) afTd in 
,art. rev'd in part on other grounds, 374 F 2d 473, 
153 USPQ 1 (3d Cir.), cert, denied, 389 U.5>. two, 
155 USPQ 767 (1967). In that case, however, the 
: ourt distinguished fraud from tattblecon- 
luct and, referring to inequitable conduct 
itatements.said". . • there is no illegal monopo- 
ly resulting from the statements on which to base 
in anti-trust action." 



» In denying Berkley's motion for a new trial 
(i.e., a trial of its antitrust claim) on inequitable 
conduct, the trial court stated: 

Although inequitable conduct is a viable 
theory in patent law, it had no place in . th» case 
as it was never pleaded and even if pleaded 
would only have gone to the enforcement of the 
patent and not to the antitrust issues. The jury 
held the patent unenforceable. 
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not amount to inequitable conduct. Pfizer, 

[36] A strong caveat was raised by this 
l J in Pfi 7 er Inc v. nternational Rec- 
court in niztr, int.. t SPO at 

tiner Corp., supra at 1%, 190 at 
..286-287: 



An infringement defendant in complex 
litigation should not be perm.tt d to 
sidestep these mam .ssues by n t-p^kmg 
the patent file in every minute respect 
with P the effect of trying the patentee ^ per^ 
sonally, rather than the patent A 
"entee's oversights are easily magnified 
out of proportion by one accused of in 
fringement seeking to escape the reach of 
the patent by hostilely combing the inven- 
or's He in liberal pretrial discovery 
proceedings. Unjustified damage to 
Sessional and 'social reputations can 
result, as here, without fostering any cor- 
responding Public benefit in the form o 
inhibiting future improvident grants oi 
patent monolopies. 

ri71 Thus Berkley may face a heavy 
bffl in establishing inequitable condu c, 
on the evidence concernmg ™ n *; s *»»™ 
to the PTO. Nonetheless, absent the trial 
Suit's determination that the evidence was 
Sally inadequate, or more rJ«d.aal than 
probative, Berkley had a right to jury deter- 
mination of whether the info rmauon no t dis- 
closed was sufficiently relevant to mee he 
inequitable conduct standard of materiality 
but' not sufficiently kvant to mee the 

^U^^^X^ of that 
Evidence here " If the inequitable conduct 

" « The jury asked the court whether a finding of 
fraud would "open the door for a fraud case 
Sn S r DuPont P The court correctly answered 
S the jury should ignore consequences of us 

Except, perhaps, to mention that evidence 
submitted to show non-ut.hty has no place at 

DuPont argues the evito - not probative 
Et wS was disclosed and P o.nu to an 
|^c^e5-£e be admitted, for a jury 

*^^n?53ay -n ab Tbint o v f 



defense be renewed at retrial, the trial court, 
S above guidance, will determine m 
its discretion the admissibility .of evidence 
presented. It is sufficient on this apnea to 
hold that the trial court erred »n « r i«. ng, 
without explanation, to ' '"struct the jury on 
the defense of inequitable induct Berkley 
may renew this defense against enforcement 
at retrial. . 
/--. Dismissal of the Antitrust Counterclaim 

Berkley says it didn't get its day in court 
on its counterclaim. We disagree. 

Berkley sought to prove two spec.es . of an- 
titrust violation, one based on fraudulent 
ronrluct before the PTO, the other based on 
bringing suU with knowledge that the patent 
w s Invalid. Proof of one o those threshold 
allegations was essent.al to Berkleys an 
titrust cause of action. 

The court gave Berkley a full and fair trial 
on botS threshold questions and : jubmjted 

them specially to the jury in ln» c ™S a *°?£ 
2 and V* When the |ury answered no to 

both establishing that DuPont did not ob- 
tain the patent by fraud ?"d d «d not wforce 
the patent knowing it to be invalid, 
Berkley's antitrust counterclaim was 
necessarily stripped of all foundation and 

Vindicated supra, Berkley's allegations 
of eross negligence were unsupported by the 
evidence Its allegations of inequitable con- 
duct and anticompetitive intent will not sup- 
port its antitrust counterclaim. 

Berkley having had its day in court, the 
trial court properly dismissed its antitrust 
counterclaim. 

Summary 

The jury having been presented with sub- 
standaj evidence on utility, that -ue having 
been one of the predominant matters 
litieated it is probable if not certain that he 
u § y batd its'verdict for Berkley on a Wjef 
that DuPont's invention lacked utility. 
Consequently, the error of submitting^ 
utility issue to the ury was so highly pre 
judicial to DuPont as to warrant a new trial 
on the issue of patent validity. 

The error in submitting to the jury the 
lack-of-novelty defense based on the McCoy 



Nondisclosure evidence go t? the jury. 

» Berkley's brief is thus mistaken in stating 
".heSSTS-tl the patent infringement ^ase but 
never reached the antitrust issues. lhe jury 
reached an5 decided the bedrock antitrust .ssues. 
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line that issue having also received exten- 
sile treatment at trial, would, standing 
alone warrant a new trial on patent valid.- 

^ The combination of the utility and Mc- 
Coy line prejudicial errors renders the need 
fo7a new ' trial compelling on patent 

validity" , , 

The lack-of-novelty defense based on the. 
Cohandc line, and the obviousness 6c ens ; , 
present proper jury questions On r e 'al 
The court need litigate only those issues 
respecting the va.idify of the DuPont paten . 

The trial court committed no revers.ble 
error in (1) refusing an instruction and in- 
terrogatory on gross negligence, (2) instruc 
ine on fraud; (3) phrasing Interrogatories 2 
and 3 (4) excluding the Hilberg deposition 
and Haoi. exhibits; (5) refusing an .nstruc- 
tbn on inequitable conduct as a basis for an 
antitrust violation; and (6) d.sm.ssmg the 
antitrust counterclaim. 

The jury's findings that DuPoni .did not 
obtain the patent by fraud and did not en- 
?orce the patent knowing it to be mval.d 
were supported by the ev.dence. 

The trial court erred in refusing to in- 
struct the jury on inequitable conduct as a 
defense of Enforceability to DuPont s pa- 
tent infringement suit. 

Conclusion 



District Court, N. D. 
Georgia, Atlanta Div. 

Robert B. Vance & Associates, 
Inc. et al. v. The Baronet Corporation et al. 
No. C76-1152A 
Decided Dec. 21, 1979 

TRADEMARKS 

1. Defenses - Trademark cases (§30.20) 
Registration - Effect (§67.747) 
Registration - Incontestability 
(§67.751) 

.Mark's registration serves as conclusive 
evidence of registrant's exclusive nght to use 
it as general rule, if it has become m- 
comestfble under 15 U.S.C. 1065 Unham 
Act sets forth seven defenses that may be 
raised i" infringement action in which 
reSstrant's mark has become incontestable; 
1 5 U S C 1 1 1 5(b)(4) provides defense to in- 
fringement action if use of name, term, or 
devfee charged to be infringement is use 
otherwise than as trade or serv.ee mark, of 
terror device that is descriptive of and used 
fairly and in good faith only to describe to 
users, goods or services of such party. 



The dismissal of Berkley's antitrust 
counterclaim is affirmed. 

The judgment holding the DuPont patent 
invaUd is vacated, and the case is remanded 
for a new trial on the issues of validity and 
nforceability of the DuPont patent Three 
defenses appear appropriate, namely that 
(1) the invention was anticipated by the 
Cohantic Line; (2) the invention w ou d have 
been obvious to one skilled in the art at tne 
S it was made; and (3) the patent was 
Sered unenforceable by DuPont's une- 
quitable conduct before the P1U. 

» We need not consider whether the French 
line and presumption of validity errors were so 
prejudicial as to P independently warrant a new 

tri fi £K£SS-«*U before a jury herein 

h^^r^r^i a), 

neressarv Similarly, a successful defense V) 
Sender trial J (I) and (2) umge^ £ 
validity of a patent expired and unenforceable De 
S moot The sequence and grouping of issues 
tried first might turn on the estimated time to try 



2 Marks and names subject to 
' ownership - Descriptive - In 
general (§67.5071) 
Marks and names subject to ownership 
_ Descriptive - How determined 
(§67.5073) 
Marks and names subject to ownership 

— Suggestive (§67.5^8) 
Four categories of trademarks are generic, 
descriptive, suggestive, and arbitrary or fan- 
S generic mark refers to common 
deserve name of article - substance 
descriptive mark conveys clear idea o 
characteristics or qualities of goods 
suggestive mark falls somewhere in between 
deSriptive marks and those that can be 
Termed fanciful or arbitrary; suggestive term 
merely suggests characteristics of goods 
rXr than describing them, and effort of 

each Separate appeals are conceivable, but the 
dear- Sty ot each might result in a net gain 

'"ffiury^nS answer the interrogatories 
submitted to it on DuPont's damages and 
Berkley's intentional infringement. Though 
vigor-sly argued here, these issues are not npe 
fo? resolution on this appeal. They may De 
presented at retrial. 




Court of Appeals, Federal Circuit 

Envirotech Corporation 
v. Al George, Incorporated et al 

No. 83-1107 
Decided Mar. 19, 1984 
PATENTS 

1. Infringement — Law or fact question 
(§39.60) 

Infringement — Tests of — Comparison 
with claim (§39.803) 

Finding of infringement depends on wheth- 
er accused device falls within scope of asserted 
claims as properly interpreted; patented in- 
vention as indicated by language of claims 
must first be defined — question of law — 
and then trier must judge whether claims 
cover accused device — question of fact. 

2. Pleading and practice in courts — Bur- 

den of proof — Infringement (§53.134) 

Patent owner must show by preponderance 
of evidence that accused has infringed his 
patent. 

3. Court of Appeals for the Federal Cir- 

cuit — Weight given decision re- 
viewed (§26.57) 

Pleading and practice in courts — Mo- 
tions — In general (§53.631) 

Tudee on JNOV motion in patent infringe- 
ment suit - and CAFC on review - must 
ascertain whether there was substantial evi- 
dence of such quality and weight that reason- 
able and fair-minded men in exercise of im- 
partial judgment could reasonably return 
verdict for non-moving party. 

4. Construction of specification and claims 
— Claim defines invention (§22.30) 

Infringement — Tests of — Comparison 
with claim (§39.803) 

Resort must be had in first instance to 
words of claim which define metes and 
bounds of invention; if accused matter falls 
clearly within terms of claim, infringement is 
normally made out; said another way, what is 
patented must first be defined. 

5. Construction of specification and claims 
— Denning (§22,45) 

Words in claim will be given their ordinary 
and accustomed meaning unless it appears 
that inventor used them differently. 



It was up to jury to determine whether 
portion of accused device is in fact functional. 

7 Infringement — Law or fact question 
(§39.60) 

Whether defendants infringed claims of 
patent is factual issue. 

8. Construction of specification and claims 
— By specification and drawings — 
In general (§22.251) 

Terms of claims are best construed in light 
of specification and circumstances that sur- 
round patent at its inception. 

9. Courts of Appeals - Weight given 
findings of District Court — Validity 
and infringement (§29.359) 

Infringement — Law or fact question 
(§39.60) 

Infringement — Substitution of equiv- 
alents (§39.751) 

Accused device may infringe if it performs 
substantially same function in substantially 
same way to obtain same result as claimed 
apparatus; finding of equivalence is determi- 
nation of fact that may be based on proof by 
testimony of experts, and should be disturbed 
only as allowed by general principles govern- 
ing appellate review. 

10 Jurisdiction of courts — Declaratory 
judgment — Actual controversy 
(§43.303) 

Although CAFC affirmance of judgment of 
non-infringement may render academic, va- 
lidity of patents at issue, if defendants on 
remand seek to continue with their claim of 
invalidity, court below and parties will have 
to face problems whether constitutional "case 
or controversy" still exists between present 
parties, and if it does, whether it is appropri- 
ate to issue declaratory judgment. 

11. Pleading and practice in courts — 
Jury trial — In general (§53.571) 

Presumption from patent grant — Pat- 
ent Office consideration of prior art 
(§55.5) 

Instruction that u as to information or docu- 
ments (prior art) which you find from file 
wrapper to not have been considered by the 
examiner and which you find to teach an 
invention closer to or more like that claimed 
* * * no such presumption (of validity) ex- 
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and is »"'V °f'* k , " "."Sof uliluy; some 
„„, grounds tor « payability; 

? e6 S,°dSS of l-S'y cLot be sus- 
S^hroroofof^Hneapam,. 
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If ti^ft;^ " — 

Action by E^«3-jS^, 

Al George, Incorporated and M ^ H 

for patent infringement in w .^.^ 
counterclaim for declara ion oip for 
lty and noninfnngement^on, j ^ 

defendants, /» n ^S 1 re manded; Bal- 
a, V C?rctt in ju P dge; specially concurnng, 

with opinion. 

V . Bryan Medlock, Jr., Dallas, Tex., for 

appellant. 

H . Coke Wilson, Houston. TexJTton« 
Marsteller, Houston, lex., 
appellee. 



jury m«" — ° 

Submission of ^^^^ 
should preferably be ( acoompanied by. ^ 

fied "interrogatories J«^ rouinerrte d in 
sponses to U ^ USPQ 459; 

Graham v. John Deere o , inquine s 
proper instructions based on J _ h i . g 
should always ^ £ven % g y ^ 
inapt instruction that reads ^ 

that defendants hav * ^^differences be- 
convincing evidence , tatjh ^ are 
tween the patent claim and m P would 
such that the subject oj^ 1 * invention 

haVC b T ^aTrson Ordinary skill in 

was made to a person & uer pertains; 

the art to which Ji, type of 

5£fSSt« Se of obviousness. 

CAFC must be 

its burden of °^^Sc5on CAFC merely 
lidity; absent such sau^acUtf of validity, since 

invalidity is pursued on remand. 

Particular patents -Flotation Processes 

and Devices 

t5> affirmed; 

nolding of invalidity vac** 

4,226,706, Degner and Colbert J 
Air Flotation Machme hold, g affirmed; 
cement of claims 1, 1 1 /" 
SSg of invalidity vacated. 

Appeal from District Court for the Wesf 
ern District of Louisiana. 



Before Dav,s, Baldwin and Kashiwa, Circuit 
Judges. 



Davis, Circuit Judge. 

Envl rotech C r ^^^^ 

peals from a if^f^ for the West- 
ihe United States D strict h daims 

ern District of Lou-ana Q2X , 
^ H and 15 of its U ^ ion ProceS s") 
(-210) ("0^^ Gas Ho ^ 
and claims 1, ,10, 7 *™ ' d A ir Flotation 
4,226,706 ('706) ( D ! s P™ ol in f r inged by 
Machine" . are invalid and M on- 

2SfS ^SSV We IW» i- V* ^ 

vacate and remand in part. 



Background 
A The General Technology 

of materials having , ™gXto a tank con- 
ejecting ^"-"P^S fl„W or solid/fluid 
taining a two^r ™ \™ h t0 the particles 
-slurry." ThebuW ejattad £ buoy . 
to be separated and provi float tQ 

anC y so that both particle and ^ ^ 

the tank surface to lorm a 
'skimmed from the ^surface ' ^u s e 
"flotation separation. W«J benealh 
ration devices use ^^HtJuce bub- 
the tank's surface m order w ^ 

border to have ^^Z^S. 



t nst 
ic, 
nts 
id- 
for 
in 
al- 

ng. 

for 



nas 
for 



cuit 



ap ' f 

l, of 

'est- 

lims 

,210 

:ss ) 

uent 

uion 

d by 

4on- 

. and 



ation 
:s by 
: con- 
/fluid 
rticles 
buoy- 
oat to 
lat is 
: term 

sepa- 
tneath 
; bub- 

of air 
.iquid) 

epara- 
exist. 
e tank 
mlence 
nibbles 



causing them to sink back into the fluicl 
Second the bubbles must be dispersed 
fhroJghout the tank in order to come into 
contact with all of the particles to °e separat- 
ed In the past, dispersion was achieved by 
using various types of impellers placed at the 
Som of the tank, using multiple nozzles in 
each tank, or using baffles. 

B. The Method of the '210 Patent 

The '210 patent discloses a flotation sepa- 
rat on me hod in which a two-phase effluent 
s eiectS from a single nozzle into a tank m 
sucn a fashion that the desired conditions of 
Sod bubble distribution and a smooth non- 
Erbulent surface may be obtained throughout 
a range of tank sizes without the use ot 
baffles impellers or multiple nozzles. The 
Son recognized that one could obtain 
these optimal conditions with a certain efflu- 
ent density (gas-liquid ratio) and a certain 
energy ate per tank volume (velocity of the 
effluent) Figure 2 of the '210 patent graphi- 
cally Zstrates this energy/density relation- 
ship for a wide range of tank sizes: 
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body through an ejection device with the 
density and the kinetic energy rate of the 
eiec ed fluid per unit volume of the con- 
tained body £ the point of ejection being 
defined by a point on the graph of FIG 2 
within the area encompassed by Region \. 
According to the teachings of the patent, to 
calculate effluent density the designer n ed 
know only the flow rate of gas through the 
nozzle (Qv) ^d the flow rate of the liquid 
rough the nozzle (QJ. To calculate he 
effluent energy rate per tank volume he 
designer must know the tank volume V the 
flow S rate of the gas through the n«k^. 
the flow rate of the liquid through the nozz e 
(0, ) 7nd the area of the effluent being eject- 
ed into the tank at the "point of ejection 
(A t ). 

C. The Apparatus of the '706 Patent 

The '706 patent discloses a flotation sepa- 
rator having a series of tanks arranged in line 
olat ^contaminated fluid can be treated 
to stages from one tank to another. As shown 
n Figure 2 of the '706 patent, reproduced 
below each flotation tank 13 has one nozzle 
20 (extending below the surface of th. l iquid 
wh ch ejects the two-phase effluent The 
Troth, wnich is subsequently formed by the 
bubble-carrying particles, is then skimmed off 
by paddle wheels 14, 14a. 




- s -. — jo « » » 
(FTkUCNT OEMS'™ (tvrr'i 



The curves set forth in Fig. 2, supra div de 
the graph into Regions I, II and III. If a 
nozzle and tank combination are designed to 
o^ate within Region I then the :twc . condi- 
tions for optimal separation can be obtained. 
OpTrationwithin Region III »«f ™ 
conditions, and Region H is a gray area. 
Claim 1 of the '210 patent is representative. 
1 A dispersed gas flotation process where- 
to hydraulic effects are used to ^disperse : gas 
bubbles throughout a contained liquid body 
with a free surface, said process comprising 
pimping a two-phase fluid into the liquid 




s 



no* 



FIG. 2 

The claims of the '706 patent require that 
each nozzle have a follow tubular expansion 
chamber member" through whi* tl*££ 
chase effluent is discharged. The claimed 
£within-a-pipe configuration comprises a 
smaller inner pipe which carries the hqu,d 
toto a larger outer pipe creating a vacuum 
which sucks air down the outer pipe into the 
expansion chamber where it .. mixed with 
the liquid from the inner pipe^ The 706 
patent expressly incorporates in ^ .(«.&»■ 
tion the types of "converging-diverging noz- 
zles included in the '210 patent. (Column 4, 
lines 31-33.) 
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D The Dejendanls' Alleged Infringing 

Device 



* (als. cite 1 a» > ^ 

pumped and air is ara wn 
fwo-pha* effluent "J^Tw th «mall 
eje Jd into to tank J ^ . 
bubbles. Defendants ~ U ™J ^ 0 Uqui ds, 
ed below, normally used w q ith a 

is of the converging-diverging iyp 
cylindrical throat portion and a flared p 
portion. 



5? ph U °^'.ha l rTflared end is merely 

ther plantiffs claimed n inc0 rpo- 
pansion chamber member nor h 
Led '210 nozzles ead « 
converging-diverging off-thc snen 
nozzle. 




E. The Parties' Contentions Below 



The defendants stipulated that tf their de- 
vkC ° Pe ;foh d tC'would 8 b" ifl ing that 
Affluent energy rate , the ar ea ^ J be 

known. However, i in h diamete r of the 
the measurement of the exit a noak 

effluent stream f ™ infringe- 

" h e uefendants' nozzle has a 

ment. Because w small . 
flared end, the diamete n me t 

Defendants say that, il t the : em 

the flared end due to ^* PresMJ. ^ 

lar gcr end diameter should ^be used ^ 

their process wo " ld T ^ 1 fla ° r 7 en d is said to 
'210 patent 8^^^ effluent fills 
be considered fu t nc "°"^. ank fluid a t the end 
up the flare, meeung he tank Hu e ^ 

J the nozzle Under this constr^ ^ Qn 
"point of ejection is ^at tM n ^ 
the other hand, if the ^ 



Ptainuff appellam ^j^^S 
r T ran^TfoTthe '210 and 
c amS ' 0 11 and 12 of lhe '706 patera. 

declaratory J^^^lSd before a 
infringement. Th acuor i ^ 

t? ^HH a ffi T?e gave very general 
March U, 1983 . 1 nej 6 6 and 

instructions ™™^ V ° P gen eral special 
dence, and then gave very ^8 h each 
interrogatories simply asking yv ^ , 

"^whether each patent 

» U distnctiy clahns the ^^t- 

eaC K a n " e anralsJ whether defendants in- 
scribed, ana aiso an . wer t0 these sum- 
fringed the P^"^ 1 ,;/^ found the claims 
mary internjj^tjegy tou , 
at issue ^ the P^te ^ icu . 

-not useful ^Snctly claim the subject 
tarty P^^^SJ^dy describe the 
matter , tans w> * H / Further, 
subject mattered jot urf mge ^ ^ 
the jury found the a ^ infringe ^ 

patent "novel , obvious, adopted 
Without further com ^'t^ c LrSs at 

?Sa tt %. ^3^ u V^ h -ofp n a?e e i 
and the claims at issue in the /u v 



' " Uo. "new" was intended to 

>We are unsure what new -w 

mean, as distinguished from " ovc ^ e j endants were 

'On the last day of ln jV n kadings to add 

granted their motion to amendthe ^ 

the defense of lack o f utjij. The «e 

the claimed "point of ejecuon . 



V^rntechOnj ^Al George, Inc. 



477 



22j_USPQ_____ 

, j A-r n IISG §103 and not in- 
ESS "S'pro^sed^nLgs of fa« and 
SncCons of law of bo,h pan.es »ere 
rejected. . 

The plaintiff subsequently made a motion 
for judgment notwithstanding the verd.ct and 

n the llternative, for new tnal based on he 
ack of substantial evidence to support the 
u C ry 's verdict. By order, but wtthout any 
Memorandum, the district court denied the 
motion. .... 

On this appeal, both the ^J 1 ^ 
and infringement are controverted. We con 
sider them in the reverse order. 



II 



Infringement 



[1 21 In general, a finding of infringement 
depends on g whether the accused dev.ee aU 
within the scope of the asserted claims as 
properly interpreted. Kalman , v. ^imbeny 
Hark Corp 713 F.2d 760, 770, 218 UbFQ 
m 788 (Fed. Cir. 1983). The patented 
Invention as indicated by the language of the 
claim must first be defined (a question of 
faTand then the trier must judge whether 

he claims cover the accused ^"(fSJ* 

USP0 678 688 (Fed. Cir. 1983). The patent 

S 1983); SSm; supra; Chisum, Patents, 
18.06(1] (1983). 

[31 This was a jury case, and the judgment 
below must be scrutinized ^ ^he rue h aPfh; 
cable to such jury cases. As the appellate 
cmfrt we review the jury's findings of fact, 
G e h^re that plaintiff failed to meet this 
burden) in light of the district court judge 
denfal of plafntiff s JNOV mouon A court 
cannot merely subst tute Us view for that of 
the iury's when reviewing quest onsot tact. 
Instead! the guidelines for considering mo- 
tions for judgment notwithstanding the ver 
dTc" are (1) all of the evidence must be 
considSed (2) in a light most favorable to the 
Tn moving party; (3) drawing all reasonabk 
inferences favorable to that pany^)^ 
making determinations of credibility of the 
witnesses. Connell v. Sears Roebuck & Co 
722 F.2d 1542, 1546, 220 USPQ 193,1 
(Fed. Cir. 1983); Railroad Dynamics Inc. v. 
A. Stucki Company, Appeal Nos. 83-VM, 



961 slip op. at H-12, 220 USPQ at 936 
(Fed Ci P r. January 25, 1984). The judge on a 
YnOV motion (and this court on review) 
J must ascertain whether there was subs an- 
Sd evidence of such qual.ty and we ght jha 
reasonable and fair-minded men in the exer 
S of impartial judgment could reasonably 
return a verdict for the non-mov,ng party 
Wvatt v Interstate & Ocean Transport Co., 
m F2d 868 891 (4th Cir. 1980). As this 
ourt pointed 8 ' out ii Connell and Railroad 
Dynamics, supra, these guidelines are appli- 
cable to patent infringement suits. Thus, the 
nrecise issue before us on infringement s 
Kher there was substantial evidence to 
the ury's factual finding that Env.ro- 
SSfaitod to prove infringement by a prepon- 
derance of the evidence. 

The '210 Method Patent 

[4,5] It is elementary that "son must be 
had in the first instance to the words of the 
Sdm which define the metes anc 1 bound s o 
the invention. If the accused ma ter talis 
Nearly within the terms of the claim in- 
frinJment is normally made out Graver 
t if I TUf<r Co v Linde Air Products Co., 
S U S 105 607, 85 USPQ 328, 330 
(1950V Smith International, Inc. v. Hughes 
¥ool Company, 718 F.2d 1573 1579 h 2 
219 USPQ 686, 691 fn. 2 (Fed. Cir. 1983 
Said another way what is patented must fim 
be defined. Words in a claim will be given 
their ordinary and accustomed meaning un- 
to it appeals that the inventor used them 

S«ntfy» UT e . rsa V 0 ^^ 0 F U 2 C d 5 3 6 54 
Globe Oil & Refining Co 1 37 F 2d 1 3 ,6 04 
USPO 504 (7th Cir. 1943), afTd, 322 u.a. 
471 61 USPQ 382 (1944). 



Representative claim 1 of the '210 patent 
describes, inter alia, "[al dispersed gas flou- 
UCb ^ ' u^™n * * * the density and trie 
tion process where m the a y 

kinetic energy rate *» (Emphasis 

sured at the "point of ejection • The diameter 
of defendant's nozzle used to measure mat 
area depends upon the quesuon d where h 
"ooint of ejection" exists in the diver rang 
s&oi the nozzle; thus, infnngement here 
depends on this "point of ejection . 

Plaintiff appellant argues that the "point of 
ejection" describes the point where the efflu- 
ent meets the tank fluid. Defendant appellees 
areue that ejection occurs at the end of the 
nozz e In effect both are saying the jjjme 
thing. The claim language may be under- 
stood as appellees contend, to define he 
"print of ejection" as the point where the 
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effluent effectively leaves the piece of hard- 
wa?e However, \his does not rule out an 
rnteJpreiation that the "point of ejection " may 
be at the throat area as Envirotech contends 
The flared end of defendant's nozzle may not 
tefanXnal. and thus the effluent effectively 
leaves the nozzle at the throat area. We 
therefore construe the claim to describe he 
•>nt of ejection" as the point where the 
effluent effectively meets the tank Jiou d 

r61 It was up to the jury to determine 
whether the defendant's flared end is in fact 
TuSlonal or whether the effluent effectively 
meS the tank fluid in the throat area of the 
nozzle As applied to the evidence, the signifi- 
cance of theTatter determination 

^Se^asserts that the flared ^ end is 
functional only when there is .enough tack 
oressure in the flare to fill up the flared eno. 
To upport its contention, Envtrotech called 
as its expert witness, Dr. Bourgoyne, profes- 
SAnd Chairman of the petro eurr i engineer- 
ing department at Louisiana State U^versuT 
During his testimony, Dr. Bourgoynyffered 
a demonstration of a plastic replica o defen 
aants' device in an attempt to show that he 
effluent ejected in a column never touched the 
sSes of the flared end. 5 Bourgoyne stated 
hat the plastic replica would behave the same 
as defendants' cast-iron eductor. The ^ ent re 
hirv stepped up to observe both the eductor 
S thefluid flow seen through the plastic. 

Defendant called Dr. Muster professor of 
mechanical engineering at the U = y j 
Houston He asserted that one cannot tell 
precisely where the "point of ejection" would 
& of changing conditions in a turbu- 
lent zone. If anything, he argued, the most 
sensible "point of ejection" would be where 
he effluent exited at the end of the nozzle. In 
addition, defendants read into the record the 
Sep Sition of Dr. Colbert, one of the paten- 
tees which appears to say that, with a nozzle 
of defendants' type, the "point of ejection is 
at the end of the nozzle. . 

71 The jury, faced with a clear conflict in 
evdeniVetuLd a finding thatdrf^* 
had not infringed the claims of the 21U 
patent This is plainly a factual mue. Based 
In the testimony of the two experts and Ae 
in-court demonstration we have to agree that 



there was substantial evidence on which the 
could make a finding of non-.nfnnge- 
St Accordingly, we hold that pla n iff 
£ led to prove by a preponderance of the 
evidence infringement of claims 1, 14 and lb 
of the '210 patent. 



The '706 Apparatus Patent 



S£w=srrt»a= 

_ akin to defendants' nozzle. 



Once aeain we must start with the lan- 
euage of the claims. The element ,n the 
Ss which is dispositive requires, inter 

all "nuid ejection device including: (i) a hollow 
tubular ] ex pannon chamber member which 
has an open end through which the «d 
fluid is ejected into a liquid ^mpna 
sis added) 

f81 Thus the precise issue for literal m- 
friniment \f the '706 patent is whether 
deKnts' converging-diverging eductor 
"omprfses a "hollow tubular expansion cham- 
her member" within the meaning of the 
claimT The terms of claims are best construed 
in St of the specification and the circum- 
SJS, which surround the pale* * 

Inc tiO 7 n 20 F F°2d S 1565, 1569? 219 |jV' 

702 (Ct CI 1967). Adverting to the specfica- 
Z appdiant a/gues that the flui eje = 
devices (nozzles) claimed in the 210 patent 
are incorporated by reference into the 7U0 
patent specification, and accordingly the 
Ens read on defendants' devices. Claim 12 
of he '210 patent recites a converg.ng-diverg- 
1 type of nozzle to be used wUh the process 
of clarm 1 in the '210 patent. Claim 14 of the 
'^10 patent recites an expansion chamber 
type of device also to be used^ith the process 
of claim 1. Those recitations of the 210 
itetare part 

To essential poinl must be remernbe ea. 
first it is still the claims of the 706 patent 
wh ch must be found infringed; and ^ond 
Corporation by reference can only aid in the 
construction of the '706 claims. 

On the basis of the incorporation by refer- 
ence, appellant argues that its PP*™*^ 
pipe configuration which requ.res a . hollow 
fibular expansion chamber member n 
eludes the converging-diverging type of noz- 
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zle * But defendant,' expert Dr Mu«er 

entire nozzle, would not qual y. J 

was the jury ajw ^ ^onsiration of a 
but there was he m court a of 

purported replica. Although ^ t n P ^ ^ 
^ W eiS on" w.J win the meaning of 

^nrS^S.^ » prove 

191 A TZt£:f^ C l. This 
al infringement ts not p esen t See H ug 
o«V> An accused device may infringe /if rt 

85 USPQ at 630, 631. d 

ASSESS 

thejur y cou d ba * ^ Envirotech failed to 
prove W ^ preponderance of. the evidence 
Konosep's infringement of clatms 1, 10, H 
and 12 of the '706 patent. 

two-phase effluent. 



Ill 



Validity 



HOI Our affirmance of the judgment of 
infringement may render academic (for 

"as to information or documents (prior art 

-::SE k fr;::,- 

presumption (of validity) exists 

burden of persuasion may be more y 

'Tl^The district court also erred in it. 
handling of the utility defense. Defendants 

tional "case or controversy suU exm 
present pam« and * doe s whet ^ ^ ^ 
priate to issue a declaratory ju 8 these 
We intimate no opinion on eimer 
questions. defendants offered 

' Th U C S^ate 6 tNo Iw^o Hollingsworth 
were <J ratcni i™. , ' r - mm ; nule d Maten- 
entitled "Concentration of Commnuw Dav . s 

c h uid r « 

dresses flotation devices, suggesu the afl 8 ^ 

Stlf Stt^ rtheKosing k— 
Sfendantrpointed ^Ug-Jg 
contend suggest single nozzle operauom t , 
lines 65-71 and Column 9, lines 00 / i, rp 
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a «c s ed failure '» f^tt fuse" the 

usually considered the ho""' 0 . „.,„,, 
3cr V 35 U.S.C. §112- See Chtsnm Pa ™ ; 

7 03161 (■ 983 : ""rSumet Slack of 
ha »e been apphrf >» >" ? ^ m when there is a 

nteJi which se, forth the des.red re 

to include a lack oi uuu y £ven 
roemation or inexact ^'f^^iLted 

958-59, 220 USPQ 592 59 
1983); Carpet %^Jf^o lk 216 

S S JSty is sufficient for P^a^ 

(8th Cir 1980). Further, the defense ^ 
non^ cLnnotbi sustained .nhout proof 

the defective charge on ^the issue o 

issue; and (3) the levei answer 
tion to the jury should preferably be accom 



~~^7o not, at this time pass on whether the 
amendment was properly allowed. 



elicit responses to al^ the 
enumerated in Graham^ P alwayg be 

based on those ' n ^ in " 722 F.2d at 
given. 10 See Connell supra^ & 

! 5 47, 220 USPQ at S upra, slip 

Derri clc Co v. Sow. * ^ Inc,^ P^ 

op. at pp. 1 ?- 1 Vf U st uck i Company, supra, 
Dynamos, Inc. v. A- JtucK. ^ In he 

slip op. at 17 rT, uo V<, an d of a 

absence of such S h a coSsion of obvi- 
pr o P erchargeonwh.chaconC d ^ 

case - i \ n Waht of the above er- 

1141 Afl ° n £?aKtteW court's deni- 
rors, we cannot arhrmt regarding 
al 0 f Envirojech JNOV ^ ^ d 

invalidity. ^^Xlleneing validity has 
* * * that the partY J^ 1 ^ $ overcoming 
Iproperly] earned its Jurten roni 
the presumption (of va ' ldll H 72 t F.2d 
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"declares" a patent ^J^'we leave 
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initially to the d'Stnc court rf 
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patent invalidity < i ■ e relevant facts, 

the parties can stipulate aiuw 

the judge can decide for £** w v Jef . 
issues relating to validity, bee v 
frey Mining Machinery Co ., 
220 USPQ. 703 (Fed. Cir. 1983). 
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" vu ? nertainine to obviousness 

« Interrogatory No. 2 ha ve proved 

read: "Do you find that the the "differ- 

by clear and «r i ^3£T»n**« P"<>r art 
ences between the V^™™ * a whole would 
are such that the subect mauer a^ ^ was 

have been obvious at «wtunei ^ w 

made to a person having « d ; na ^ ns? " Answer: 
which said ^^^ogPtory' appears to be 
"Was obvious . That inter * j a type of 

an inapt i«!^ ,0 " h f^ < i U SUusness. 
special verdict on « obviousness > 

K »It a new jury trial imsum g least 
had it would be preferable to subm . ^ 
Sled special interrogator- - See 
merated in Graham v. jonn Ame rican 
Sonne" v Sear, J*^* »P ^ supr a. 
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Baldwin, Circuit Judge, specially 

T^wishto clarify that 

daims It issue were sub mi, ed u oi he J ur> 

with proper »"«™«XcSS«^acconl IU .« 
liberations construed therms'" d 
with those instructions and then aete 
there was no infringement. ^ 
Further, regarding the 210 paten 

appeal. We are pr » j h , he jury 
evidence. 
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PATENTS 

1 Patentability - Invention - In general 
(§51.501) 

Pleading and practice in courts > - , Issues 

determined - In general (§53.501) 
Statement by district court - - "But I am 
not certain in my own mind at th is point 

to condude whether something was or was 
not "invemed " or whether court subjectively 

invalidity. 

2 Patentability - Anticipation - In gen- 
eral (§51.201) 

Anticipation is factual determination, re- 
viewable under the "clearly erroneous 



and every element of claimed invention, ar- 
,2 determine their meaning in light of 
allegedly anticipating reference. 

Presumption from patent grant - In 
general (§55.1) 

Statutory presumption of patent validity 
canno 'Wsh" or be "weakened" and statu- 
Sv assigned burden of proof cannot be 
shifted^ same time, much confusion can be 
avoided by patentees who refrain from efforts 
ret^^ole of 

burden-assigning and « CIS ">™' TK, en ™ r 
governing function; ft^^SSS* 

«w2aken" or otherwise affect presumption 
there is no basis for adjusting required level 
of £5 downward to "mere preponderence 
?nat dear and convincing standard may more 
eas W be met when such non-considered art . 
easuy uc • d rt me ans that 

Sm P "r o rofthVher patent challenger 
has met burden turns on relat.onship of un- 
cited art to claimed invention. 



4 Presumption from patent grant - Pat- 
ent Office consideration of prior art 
(§55.5) 

District court's view that "the 'Field of 

flawed examiner could not determine which 
pSTms almost relevant" without consider- 
ing number which are less relevant. 

(§55.5) 

Because touchstone is whether uncited art 
is sufficiently more relevant than that cited to 
irw a evidence of obviousness, argument 
rpectTng presumption based on uncited art s 



